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FOREWORD 


Since the release of the PC-1500 on market, we have had great 
number of questions from users regarding the machine language 
of the PC-1500. 

To meet with such demand from ardent users, we are now 
sending this text for study of the machine language of the Sharp's 
original design LH5801 Microprocessor and LH5811 Peripheral 
Control LSI in concern with the PC-1500 system. Because the 
text is edited on the basis of user questions, it may not support 
quality as a guidebook. In such an event, you are suggested to 
make reference to microprocessor guidebooks published on 
market, in addition to this text. 

Your opinions and questions are welcome through our products 
distributor. 


NOTE: Machine language program, which controls hardware directly, 
gives you more various functions than BASIC programs. However, you 
should check your machine language program enough to make no error 
before executing it because single wrong key operation may upset the 
program or occasionally make the machine break down. 

Sharp Corporation assumes no liability or responsibility of any kind 
arising from the use of programs or program materials or any part 
thereof. 
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Machine Language 


1. Machine language 


There are many program languages for each purpose. PC-1500, for example, is 
designed to carry out both BASIC and machine language. BASIC is easy to use, 
however, execution speed is slow. On the other hand, machine language is 
difficult to understand but execution speed is fast. 


Usually, machine language program would be written with the assemble 
language, which consists of mnemonic codes, and then the assemble language 
will be translated into machine language. 


[EXAMPLE] DISPLAY REVERSE PROGRAM 


l. Prepare the program with assemble language consisting of mnemonic codes. 


LDI | UH,78H | . ; А 7 : 2 

LDI UL4DH | prepare for assignment of the first display buffer address. 
DEC UH advance the address 

LDA U take data in the accumulator 

EAI ЕЕН take the complement 

STA U return data into memory 

LOP 06H 

CPI UH,77H ( make the loop 

BCS  —0EH 

RTN return to BASIC 


2. Translate the above program into machine language. The assembler translates the 
assemble language into the machine language automatically according to the list. 
However, a short program can be translated manually. (hand assemble) 

The above program can be translated as follows: 
68 78 6A 4D FD 62 25 BD 
FF 2E 88 06 6C 77 93 OE 
9A 


3. After the completion of the machine language program, write it in PC-1500 by using 
POKE instruction. And execute the program together with BASIC by CALL 
instruction. 


Execute the following program. You can run the BASIC program with (A) and the 
machine language program with СЕ ) (B) . Display reverse in machine language program 
is faster than that of BASIC. You would know how functional the machine language 
program is. 


EX. Write the following program after executing NEW &4100 [ENER] , 


10 "A" WAIT 0 

20 PRINT" sharp pocket computer! 
30 FOR А-0 TO 155 

40 GCURSOR A 

50 GPRINT 255-POINT A 


6 NEXT A 
70 GOTO 30 
80 END 


10 "В" WAIT О 

10 PRINT "sharp pocket computer" 

120 POKE &40C5»>&68°&78° &6A: &AD* 
&FD:&62: 625 › &BD: &FF» &2Е› 688» &06 

10 POKE &40D1>&6C>&77 > &93: &OE*» &9A 

140 CA &40C5 

150 WAIT 20:PRINT:GOTO 140 

160 END 


This manual is divided into three major sections; description of LSI (pp. 5784: LH5801 
Microprocessor & LH5810/LH5811 I/O port controller), PC-1500 hardware description 
(pp. 857109), and PC-1500 software description (pp. 111^ 141). 

If vou want to know about PC-1500 system first, read from p. 86. 
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LH5801 Microprocessor 


2-1. Outline of LH5801 


The 1.Н5801 Microprocessor is a CMOS static 8-bit microprocessor that features low 
power dissipation performance inherent to CMOS LSI and large capacity data 
processing. Not only that, it enables to to configure a variety of systems with a few 
additional chips because such as the LCD backplate signal generator, input port, external 
latch clock, and timer are built in the LH5801. 


Features of the LH5801 


(0) 8-bit parallel data processing 
(2) Direct accessing of 128K bytes 
(3) Use of a 6-byte general purpose register, in addition to the accumulator, allows to 
comprise three pairs of 2-byte date pointers. 
®© 9-bit timer capability 
(5) Three kinds of interrupts 
e Non-maskable interrupt 
e Maskable interrupt 
e Timer interrupt 
(6) 82 instruction set 
(7) WAIT function (memory access control possible) 
Clock Рф for input port (8-bit) and external latch 
(9 Memory backup function (BFI, BFO) 
LCD backplate signal control 
(i) External crystal connection for clock generation 
(2 Reducing program steps by means of 28-kind single step vector subroutine jump 


2-2. Internal Structure 


2-2-1. Block diagram 


Fig. 1-1 Block diagram of LH5801 
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Fig. 1-2 Internal register & flipflops 


PH E PL Š P: Proqram counter 
SH ° SL °| S: Stack pointer 
xH БЕСТЕ Хгер| Data pointer, 
YH В YL 3 Yreg í : or 
wawawa | 
UH ° Ui. ° Ureg! general purpose register 
M А * А: Accumulator 
= TM ° TM: Timer 
| '| PU 
| General purpose flipflop 
| '| Pv 
| '| DISP: LCD on/off control 


гоо Гонур Ес v: 


Status register 


| C: Carry and borrow 
(byte to byte) 
~> |E: Interrupt enable 
— Z: Zero 
— — V: Overflow 
— —* H: Carry 
(digit to digit) 


2-2-2. Internal registers 


Symbol Name Bit size Description 
P Program counter 16 Indicates the address next to the address the CPU 
is now in execution. It will be incremented by "1" 
when the next instruction is fetched. 
S Stack 16 Indicates the stack address. 
pointer 
A Accumulator 8 Used for retention of operational result or for data 
transfer with the external memory. 
XL 8 XL, XH, YL, YH,UL, UH comprise independent 8- 
Xreg XH 8 bit registers. 
Also, used as 16-bit data pointers, Xreg, Yreg, and 
YL 8 Ureg, when used in a pair. 
Yreg [4 Data register 
YH 8 
UL 8 
Ureg 
UH 8 
TM Timer counter 9 When “0” is set to the TM, it stops the counter 
action. When anything other than “0” is set, it 
puts the counter into action. When the TM turns 
full of “1” with the interrupt enable signal IE on, 
CPU executes an interrupt processing. 
PU 1 General purpose flip-flop. 
PV 1 
DISP 1 LCD on/off control. 
T Status register 8 Low order 5 bits represent one of five status of 
operational result. 


2-2-3. Status flags 


Status flags, C, V, H, Z, IE are contained in the 8-bit status register. In general, flags other 
than IE change their state after the execution of arithmetical instruction. 


Status register T -[0 10 |O|H| м2 ПЕС. 


@ Carry flag C 
Carry flag C is set when there is a carry from the MSB and reset when there is no carry. 
For SUBTRACT, the flag is set when there is no borrow or reset when there is. 
(2) Half carry flag H 
Half carry flag Н is set when there is a carry from the bit position “3” (digit-to-digit 
carry) and reset when there is no carry. 
(3) Zero flag Z 
Zero flag Z is set when the operational result is zero and reset when not. 
@ Overflow flag V 
Overflow flag V is set or reset depending on the operational result of *C602 C7"; where, 
the carry from the bit position 6 of a single byte data is assumed to be C6 and the carry 
from the bit position 7 to be C7. 


Single byte data | | | | | | | | | 


B7 B6 B5 B4 B3 B2 B1 BO 


2-2-4. CPU ріп description 


SZ О О ЧТ осоавм ою сос ео 
8552222999252880554% 
57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 4039 
R/W |58 38| D7 
РФ 59 37| D6 
PV 60 36| D5 
PU 61 35| D4 
OS |62 34| D3 
XLO 63 33| D2 
XL1 64 32| Dl 
WAIT |65 31 DO 
IN7 66 30| MEO 
ING |67 L-H5801 29| MEI 
IN5 |68 (TOP VIEW) 28| OD 
ІМ4 69 27| H0 
IN3 [0 26| HI 
IN2 71 25| H2 
INT 72 24| H3 
INO |73 23| H4 
NC 74 22| H5 
NC 75 21| H6 
NC 76 20) H7 
1234567 8 9 10 11121314 15 1617 1819 
"E 
Ф о оош жо о 2 = 
eSSESES ES SSS sess zŠ 


@ XLO, XL1 
These are external crystal connection pins. XLO is the input pin and XLI is the output 
pin. Clock frequency is divided by two inside the CPU. When the 2.6M Hz crystal is 
connected, the CPU operates under 1.3M Hz of internal machine cycle. 

(2) ADO~AD15 
Address bus. Outputs from these pins are 3-state (three output states of high, low and 
high impedance) and go high impedance with BRQ (Bus ReQuest). Basically, 64K 
bytes of memory area is supported for direct accessing, but it is made possible to access 
even 128K area of memory area when MEO and MEI are used. 

© 00~07 
Bidirectional data bus which is used to write or data to/from the external memory. 

@ MEO, ME1 
Memory enable signals. As memory area of 64K bytes is accessed by MEO and another 
64K bytes by MEI, it permits direct access of memory area of 128K bytes in total. 
Since MEO is used for instruction fetch and stack operation, accessing by means of the 
program counter P and stack pointer S is limited to a maximum of 64K bytes. 
As for data accessing, both memory areas covered by MEO and MEI can be controlled 
by a CPU instruction. 
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© JOS 
Through this line can be supplied the clock to an external system since the clock in the 
same phase as the CPU internal basic clock is on this line. Connection of the 2.6M Hz 
crystal oscillator to XLO and XL1 will supply the clock of 1.3M Hz. 
©) R/W 
Memory write signal. A low on this line causes the CPU to send data on the data bus. 
@ OD 
Output disable signal. A high on this line causes the CPU to prohibit data output to the 
external device. It is used in writing data to the memory. 


СЕ ЖЕ сарыш NE зан 


I ! I 
! Memory read cycle Memory write cycle 


RESET 
CPU reset input. High state of this signal resets the CPU and the contents of the 
address FFFEH is set to the register PH and the contents of the address FFFFH to the 
register PL. When it turns from high to low level, it starts program execution from the 
address of the program counter. 

(9) ММІ 
Non-maskable interrupt input. High state of this signal causes interrupt to the CPU, to 
which the CPU unconditionally responds and starts the interrupt processing routine of 
which high order byte address is represented by the address FFFCH and low order 
byte address by FFFDH. 


@ МІ 


Maskable interrupt input. When the interrupt enable flag IE is active, a high on the pin 
MI requests interrupt, to which the CPU starts to execute the interrupt processing 
routine whose high order byte address is represented by the address FFF8H and low 
order byte address by FFF9H. 
How instruction execution address is determined against the reset and interrupt 
input 


External memory 


Address 


Е000Н 
Start address 
by RESET input 


ЕТІН 
Start address 
by MI input 
E22BH 
Start address 
by NMI input 
E22CH 
Start address 
by timer interrupt 
FFF8H ETH 
9 71H 
Ы---- 
А E2H 
B 2CH 
C E2H zs 
D 2BH 
E EOH 


FFFFH 00H 


POC 
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1) BRQ 
Bus request signal. 
(2 BAK 
Bus request ackowledge signal. When BRQ goes high, the CPU issues a high level of 
signal оп BAK in response to it. The CPU keeps address bus (AD0~ AD 5), data bus 
(D0~D7), MEO, MEI, R/W, and OD high impedance when BAK is in high level. 
(3) OPF 
Operation code fetch signal which is sent out when CPU fetches operation code 
(instruction code). 
OPF is issued only when operation code is fetched and will not be issued in fetching 
address data, immediate data, and second byte of the two-step instruction. 


| Last Operation code 
[D — -— oje ~ ~ 
cycle I fetch 


С DE 
\ 


INO~IN7 
Input port through which the CPU receives 8-bit data into the accumulator. As internal 
pullup resistor is used, the CPU assumes it to be high level when not connected. 
© po 
External latch clock. With high level of this clock, the contents of the accumulator is 
sent on the data bus. Addition of IC will comprise an output port. 
REFERENCE: ATP instruction. 
PU, PV 
These are CPU internal flipflop outputs. PU and PV are furnished with set and reset 
instructions. 


(0) WAIT 
CPU wait signal. A high on this line stops the clock Ф so that the CPU halts its 
operation. As soon as WAIT turns low, the CPU resumes the operation. 


Basic clock Jure GE ТӨК pa Ты 
Ф05 

Сіоск 
Ф 

WAIT й Б КЕН 


Flipflop 
WA 


NOTE: WAisthe flipflop dedicated to WAIT, by which the WAIT input is received at the falling 
edge of the clock OS. Because the CPU operating clock @ stops when WA is high, it 
makes the CPU stopped, consequently. 


HO~H7 
LCD backplate signal output. As the liquid crystal display (LCD) is driven by 
backplate signals and segment signals, the CPU controls the backplate signals. 
VA, VB, VM, VDIS 
LCD backplate power supply inputs. 
HIN 
Input signal to the counter from which the LCD backplate signals HO~H7 are 
generated. Normally, connected to pin HA of the CPU. 
@) HA 
CPU internal divider output pin. It is used for the basic clock that drives the LCD that 
connected with HIN and the segment signal generating LSI. 
@) DISP 
LCD on/off control signal output which can be set or reset by means of instruction. 
@) BFO, BFI 
BF flipflop output (BFO) and input (BFI). The BF flipflop is reset by the OFF 
instruction from the CPU, and will be set when the input BFI is turned to high level. 
BFO is in low level when the BF flipflop is set and in high level when reset. 
As VGG is power supply to the BF flipflop, the contents of the flipflop are retained as 
long as VGG is їп supply. 
Normally, it is used for memory backup system. 


2-3. Functions 


2-3-1. Timer 

The timer is a 9-bit polynominal counter. The counter value can be set by the AMO or 
AMI instruction of the CPU. Shown in *POLINOMINAL COUNTER” is the list of 
hexadecimal data of counter with decimal count number. 

The timer operates continuously at all times. When the counter value reaches ІЕЕН, it 
issues interrupt request to the CPU. If IE (Interrupt Enable) flag is active at that point, the 
CPU jumps to the timer interrupt processing routine whose high order byte address is 
represented by the contents of the address FFFAH and low order byte address by the 
contents of the address FFFBH. The timer has to be set to 000H when it is not used. 
Since it counts in synchronization with the clock ФЕ, each one cycle of ФҒ increments the 
counter one step. 


| Oscillator | [12 |—] Divider | øF 


When the 4MHz crystal oscillator is in connection, the timer is incremented at each 
32usec, because ФЕ is 31.25k Hz. 


"POLINOMINAL COUNTER” 


COUNT 
NUMBER 


511 
510 
509 
508 
507 
506 
505 
504 
503 
502 
501 
500 
499 
498 
497 
496 
495 
494 
493 
492 
491 
490 
489 
488 
487 
486 
485 
484 
483 
482 
481 
480 
479 
478 
477 
476 
475 
474 
473 
472 
471 
470 
469 
468 
467 
466 
465 
464 
463 
462 
461 
460 


DATA ОҒ 
COUNTER 


1FF 
ОЕЕ 


COUNT 
NUMBER 


459 
458 
457 
456 
455 
454 
453 
452 
45] 
450 
449 
448 
447 
446 
445 
444 
443 
442 
441 
440 
439 
438 
437 
436 
435 
434 
433 
432 
43] 
430 
429 
428 
427 
426 
425 
424 
423 
422 
421 
420 
419 
418 
417 
416 
415 
414 
413 
412 
411 
410 
409 
408 


DATA OF | 
COUNTER) NUMBER 


0В7 
05В 
02р 
116 
18В 
1С5 
1Е2 
OF1 


COUNT 


407 
406 
405 
404 
403 
402 
401 
400 
399 
398 
397 
396 
395 
394 
393 
392 
391 
390 
389 
388 
387 
386 
385 
384 
383 
382 
381 
380 
379 
378 
377 
376 
375 
374 
373 
372 
371 
370 
369 
368 
367 
366 
365 
364 
363 
362 
361 
360 
359 
358 
357 
356 


DATA ОҒ 
COUNTER 


ТАВ 
105 
ОЕА 


100 


010 
108 


COUNT 
NUMBER 


355 
354 
353 
352 
35] 
350 
349 
348 
347 
346 
345 
344 
343 
342 
341 
340 
339 
338 
337 
336 
335 
334 
333 
332 
331 
330 
329 
328 
327 
326 
325 
324 
323 
322 
321 
320 
319 
318 
317 
316 
315 
314 
313 
312 
311 
310 
309 
308 
307 
306 
305 
304 


DATA OF 
COUNTER | 


0A7 
153 

0A9 
154 

1AA 
0D5 
06A 


COUNT 


DATA OF 


NUMBER COUNTER 


303 
302 
301 
300 
299 
298 
297 
296 
295 
294 
293 
292 
291 
290 
289 
288 
287 
286 
285 
284 
283 
282 
281 
280 
279 
278 
277 
276 
275 
274 
273 
272 
271 
270 
269 
268 
267 
266 
265 
264 
263 
262 
261 
260 
259 
258 
257 
256 
255 
254 
253 
252 


1E5 
1F2 
1F9 
OFC 
17Е 
1ВЕ 


COUNT 
NUMBER 


251 
250 
249 
248 
247 
246 
245 
244 
243 
242 
241 
240 
239 
238 
237 
236 
235 
234 
233 
232 
231 
230 
229 
228 
227 
226 
225 
224 
223 
222 
221 
220 
219 
218 
217 
216 
215 
214 
213 
212 
211 
210 


DATA OF 
COUNTER 


180 
oco 
060 
030 
118 
18C 
0C6 
063 
131 
098 
14С 
0А6 
053 
029 
114 
18А 
0С5 
162 
0В1 
058 
12С 
096 
14В 
1А5 
102 
1Е9 
1F4 
ТЕА 
1FD 
OFE 
17F 
OBF 
05F 
02F 
117 
08B 
145 
1A2 
001 
068 
034 
11A 
18D 
1С6 
0ЕЗ 
171 
088 
15C 
ТАЕ 
007 
06В 
135 


COUNT 
NUMBER 


199 
198 
197 
196 
195 
194 
193 
192 
191 
190 
189 
188 
187 
186 
185 
184 
183 
182 
181 
180 
179 
178 
177 
176 
175 
174 
173 
172 
171 
170 
169 
168 
167 
166 
165 
164 
163 
162 
161 
160 
159 
158 
157 
156 
155 
154 
153 
152 
151 
150 
149 
148 


DATA OF. 


COUNTER 


09A 
14D 
1A6 
003 
069 
134 
19А 
1CD 
1E6 
OF3 
079 
03C 
ПЕ 
18Ғ 
1C7 
1E3 
ІН 
OF8 
17C 
ІВЕ 
1DF 
OEF 
177 
0BB 
05D 
02E 
017 
00В 
105 
182 
0С1 
160 
OBO 
158 
1AC 
006 
16В 
185 
ODA 
16D 
1B6 
1DB 
OED 
176 
1BB 
000 
06Е 
037 
01В 
000 
106 
083 


COUNT 
NUMBER 


147 
146 
145 
144 
143 
142 
141 
140 
139 
138 
137 
136 
135 
134 
133 
132 
131 
130 
129 
128 
127 
126 
125 
124 
123 
122 
121 
120 
119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 

99 

98 

97 

96 


DATA ОҒ 
COUNTER 


141 
1A0 
000 
168 
0B4 
15A 
1AD 
1D6 
ТЕК 
1F5 
OFA 
17D 
OBE 
15F 
OAF 
157 
ОАВ 
155 
ОАА 
055 
02А 
015 
00А 


COUNT 
NUMBER 


95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 


DATA OF | 
COUNTER 


00Е 
007 
103 
181 
1C0 
0Е0 
070 
138 
19С 
ІСЕ 
0Е7 
173 
0В9 
05С 
12Е 
097 
04В 
125 
192 
169 
1Е4 
OF2 
179 
OBC 
TSE 
ТАҒ 


COUNT 


DATA OF 


NUMBER COUNTER 


43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 


n2 
[e] 


— d" ——— P чый а 
о — NUAR Q O +J OO со со — ООО +. 010 м! CO СО 


01C 
10Е 
087 
143 
1А1 
100 
1E8 
OF4 
17A 
1BD 
ODE 
16F 
1B7 


2-3-2. Interrupts 


There are following three kinds of interrupt for the LH5801 CPU. 


@ Non-maskable interrupt 
When NMI is turned from low to high level, it sets the flipflop IRO active, upon which 
time interrupt is requested to the CPU, so that the CPU starts executing the interrupt 
processing after completion of current instruction execution. 
Since the non-maskable interrupt is given with the highest priority order, the interrupt 
will be acknowledged at once, regardless of its internal state. 
IRO will be reset in a course of the interrupt process. 


As the NIM input is sampled by the clock ФН, it will become 250k Hz when the 4M Hz 
crystal oscillator is connected. 


CPU internal 


Divider Е- oH 


Synchronizing 
pulse ü 


IRO BENE oe o L 
77 Reset IRO 
w А interrupt 7 
Instruction execute acknowledge Interrupt processing 


When NMI is turned high, the CPU creates synchronizing pulse at the rising edge of the 
clock ФН, which sets IRO active. If IRO is active when the CPU acknowledged the 
interrupt after completion of execution, it goes into the interrupt routine and IRO is reset in 
a course of the interrupt processing. 
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Non-maskable interrupt processing sequence 


Р+1-Р < 


Instruction 
execution 


If S=1005H before going into the interrupt 


process, the contents of T 


and P are 


ше stacked, and it becomes S=1002H after the 
processing. 
> 


T-(S) 
5-1-5 
0—IE 

0— IRO 
PL—(S) 
5-1-5 
РН-5 
5-1-5 
(FFFCH)— PH 
(FFFDH)— PL 


L 


Value of 5 — 1002H 


after interrupt 
1003H 


1004H 


Value of S — 1005H 
before interrupt 


(2) Maskable interrupt 


When МІ is turned from low to high level, it sets the flipflop IR2 active. If the 
interrupt enable IE is active at this point, interrupt is requested to the CPU, so that 
the CPU starts executing the interrupt processing after completion of current 
instruction execution. IR2 will be reset in a course of the interrupt process. 


When interrupt request is issued while IE is inactive, the interrupt will be ignored 


even though IR2 is set. 


MI input is sampled in the same manner as in the case of NMI 


Maskable interrupt processing sequence 


— Pad E 
Y 
Instruction Instruction 
execution fetch 
^ 


T-(S) 
5-1-5 
OIE 
0—IR2 
PL—(S) 
5-1-5 
РН-(5) 
5-1-5 
(FFF8H)—PH 
(FFF9H)—PL 


[| 


© Timer interrupt 
When interrupt is requested from the timer, it sets the flipflop IRI active. If the 
interrupt enable IE is active at this point, the CPU starts executing the interrupt 
processing after completion of current instruction execution, and IR І will be reset in 
а course of the interrupt process. 
When interrupt is requested while IE is inactive, the interrupt will be ignored even 
though IRI is set. 
Timer interrupt processing sequence 


wa +P — 


Instruction Instruction 
fetch 


execution 


IRT-1 


(FFFAH)— PH 
(FFFBH)—PL 


=_= 


Return to main routine 

The RTI instruction is used for returning from the interrupt processing routine to the main 
routine. 

Because the contents of the T register and the program counter are stored in the stack at the 
beginning of the interrupt processing routine, the contents of the T register in the stack 
returns by the RTI instruction. Since the interrupt enable flag IE is contained in the T 
register, the contents of IE immediately before the interrupt returns by the RTI 
instruction. 

To disable maskable or timer interrupt by the main routine after returning from the 
interrupt processing routine, the bit in the stack corresponding to the flag IE must be reset. 


Priority order of interrupts 


(1) Non-maskable interrupt responds 
to the interrupt request whatever 


the CPU internal state may be. Num 
. . ` . . Main routine. routine 
Also, it responds in the first priority 0- Non maakable interrupt 
J processing routine. 
even during execution of interrupt 0-Е 
routine by other interrupt. ү ү 
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(2) When either maskable or timer mme em atas 


routine 


interrupt request is met durin 
p q | | g age] бін 
execution of the interrupt 
5, TN А йй b =—————— Request for 
processing routine, it wi e V. snaskable or 
: ^ timer interrupt 
"ы "d 
acknowledged upon returning to / (Because 
the main routine because IE was E E us 
. | 4 interrupt is 
reset during execution of the á acknowledged 
. . 0-4Е after return to 
interrupt processing routine. the main 
routine.) 
(3) In order to acknowledge maskable Menos mm 


routine 


or timer interrupt during execution бей 

. . . Interrupt 
of the interrupt processing routine, T processing 

% routine 
the flag IE must be set active at the ; me 
| А v I 
top of that processing routine. 
y 


2-3-3. Reset 
When RESET is turned from low to high and low again, it resets CPU in the sequence 
described below, and the contents of the external memory address FFFEH is sent to the 
register PH and the contents of the address ЕЕЕЕН to the register PL, then instruction 15 


executed. 


Y IE: Interrupt enable flag 


IRO: | Non-maskable interrupt request flipflop 
0-ЧЕ | А А 
0180 IR1: Timer interrupt request flipflop 
0— IRI IR2:  Maskable interrupt request flipflop 
0--ІК2 РО: General purpose flipflop 


a PV: General purpose flipflop 
(ЕҒҒЕН) = PH 
(FFFFH) “РІ. 


&— nh 
Instruction 
fetch 

P+1—P 
Instruction 
execution 


2-3-4. CPU system sequence 


Reset 


processing 


Instruction 
fetch 


P+1—P 


Instruction 
execution 


Non-maskable 
interrupt 


processing 


Y 
N 
> 
Maskable Timer 
interrupt interrupt 
processing routine 
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2-3-5. BF flipflop 


The CPU has two supplies of power; VCC and УСС. As the BF flipflop is driven by VGG, 
the state of the BF flipflop is retained as long as VGG is in supply, even if VCC supply is 
out. The BF flipflop is set when the BFI input is turned from low to high level and reset 
when the OFF instruction is issued from the CPU. 

Low state of signal is on the BF flipflop output BFO when the flipflop is active and high 
state of signal when inactive. 


f “A 
VGG O I 
VCC O— 

| E | 

ВЕ flipflop 
CPU LOGIC 
О BFO 

GND O- i l І 


It is possible to comprise a memory backup system using this BF flipflop. 


2-3-6. WAIT function 
(interfacing with the slow access time memory) 


Because the CPU access time is very fast, the CPU must be held with the wait signal in 
order to access a slow access time memory. 

Basically, the wait signal is created by the externally provided counter, but the I/O port 
controller with the programmable wait time control feature (LH8511) is used for this 
purpose. For more details of this function, refer to the section discussing the 1/ О port 


controller. 
Shown in the next page is the connection of the CPU with the I/O port controller. 


t 08———39 > DMEO 


pe 
MEO 1/0 port —— —»9 DMEI 


L—— MEI --э controller 


ADO~AD15 
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2-4. LH5801 instructions 


2-4-1. Outline 


This section deals with function of each instruction. 


ADC 
_ Instruction name 


| Functional description 


eFormat 
ADC RL 
L Operand 
@Operation 
A+ [operand] +C >A 
Symbol | Symbol Symbol 


(EX) | Example ] 
y 


N 


Symbols used in discussing operand, function, and operation 


A: Contents of the accumulator (8 bits) 

XL: Contents of the low order 8 bits of Xreg 
YL; Contents of the low order 8 bits of Yreg 
UL: Contents of the low order 8 bits of Ureg 


(RL represents either of XL, YL, or UL.) 
XH: Contents of the high order 8 bits of Xreg 
YH: Contents of the high order 8 bits of Yreg 
UH: Contents of the high order 8 bits of Ureg 
(RH represents either of XH, YH, or UH.) 
Xreg: Contents of the X register (16 bits) 
Yreg: Contents of the Y register (16 bits) 
Ureg: Contents of the U register (16 bits) 
(Rreg represents either of Хгер, Yreg. or Ureg.) 


P: Contents of the program counter (16 bits) 

PI: Contents of low order 8 bits of the program counter 

PH: Contents of high order 8 bits of the program counter 

S: Contents of the stack pointer (16 bits) 

SLE: Contents of low order 8 bits of the stack pointer 

SH: Contents of high order 8 bits of the stack pointer 

(Rreg): Contents of the memory represented by Rreg (accessed with MEO) 


#(Rreg): Contents of the memory represented by Rreg (accessed with MEI) 
(ab): Contents of the memory represented by 16 bits of ab (accessed by MEO); where a 


represents high order 8 bits of the address and b low order 8 bits 


H(ab): Contents of the memory represented by 16 bits of ab (accessed by MEI); where a 
represents high order 8 bits of the address and b low order 8 bits 

Тг 8-bit immediate data 

i. j: 16-bit immediate data of which high order 8 bits are represented by / and low 
order 8 bits by / 

C: Carry flag 

IE: Interrupt enable flag 

Zero flag 

Overflow flag 

Half carry flag 

Data flow direction 

AND 

OR 

Ф Exclusive OR 

+ ADD 

= SUBTRACT 


2-4-2. Add, subtract, and logical instructions 
(7) ADC (Ара with Carry) 


Either the contents of the internal register or external memory are 8-bit added with the 
accumulator including carry, and its result is stored in the accumulator. 
C. H. Z. and V may change. 


е Format * Operation 
ADC RL 
ADC RH 
ADC (Rreg) A + [operand] + C — A 


АРС #(Кгер) 
ADC (ab) 
ADC #(ab) 


(EX) ADC XL 
Value of the XL register is added to the accumulator, providing “С-0”. 


A= |0 0 0 0 0 01 О екесие A-|0 0 1 1 0 1 0 1 


X-5|[00 1 10 0 1 1] 


сә 
ll 
о 
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(2) ADI (Ара Immediate) 


To either the accumulator or the external memory is added the immediate data. In the 


case of ADI to the accumulator, carry is included in the operation. 


C, H, Z, and V may change. 


e Format 
ADI Ау 


ADI (Rreg),/ 
ADI #(Кгер),/ 


ADI (ab).i 
ADI #(ab),i 
(EX) ADI (Xreg), 20H 
20H is added to the 
Xreg—4F00H 
Contents — 
of 4FOOH ` [o LR ERU. 


@ ОСА (DeCimal Add) 


* Operation 
А-ІіІЗС-А 


[operand] + i — [operand] 


memory represented by X register. 


Execute 
|. Contents _ 
0 1 1|—— ot 4F00H 0 101 00 ті 
C=0,H 0, V=0 


Decimal addition is carried out between the external memory and the accumulator 


including carry, and its result is stored in the accumulator. 


С, H, Z, and V may change. 


* Format 
DCA (Rreg) 
DCA #(Кгер) 


* Operation 
1) A+ 66H — A 
2) A + [operand] + C — A 
(C, H, Z, and V may change.) 
3) At DA+A 
Where, DA is used for compensation of decimal 
number which is dependent on the value of flags C 
and H in regard to Item 2). 
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C он DA 
0 0 | 9AH 
0 1 АОН 
1 0 ҒАН 
1 1 | 00H 
(ЕХ) DCA (Yreg) 
Decimal addition is carried out between the memory represented by the Y 
register and the accumulator. 
Y reg = 4700H 
А © | Contents C After execution of DCA балара dnos 
of 4700H C H A 
35H | 27H 0 o | 1 62H 35+27+0=62 
35H 27H 1 0 1 63H 35+27+1=63 
35H 67H 0 ] | 1 02H 35+67+0= 102 
35H 67H 1 р 4 03H 35+67+1=103 


@ ADR (ADd Rreg) 


Contents of the accumulator are added to the R register. 
C, H, Z, and V may change. 


e Format * Operation 
ADR Rreg l RL-A— КІ. 
(C, H, Z, and V may change.) 
2 RH +С — RH 


(EX) ADR Xreg 
Contents of the accumulator are added to X register. 


- 4 Execute - - 
х-(10001000|--Хн-|00001011 


хн- [0 0 0 0 1 10 


© SBC (SuBtract with Carry) 


The contents of the accumulator are subtracted by the internal register or external 
memory including C, and its result is stored in the accumulator. 

This operation may also be expressed in the following manner. 

Complement of the internal register or external memory is obtained first, addition 1s 
carried out including carry, then its result is stored in the accumulator. 

C, H, Z, and V may change. 


e Format * Operation 
SBC RL A — [operand] - C — A 
SBC RH (C, H, Z, and V may change.) 
SBC (Rreg) ог, 
SBC #(Rreg) A + [operand] “С-А 
SBC (ab) (С, H, Z, and V may change.) 
SBC #(ab) 
(EX) SBC XL 


Contents of XL register are subtracted from the accumulator. 


A= [o 0 i d 1-0 4 0| 


Execute 
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(6) SBI (SuBtract Immediate) 
The contents of the accumulator are subtracted by the immediate data including C. 
C, H, Z, and V may change. 


* Format e Operation 
SBI Aj Asper 
(C, H, Z, and V may change.) 
ог, 
А+Т+С—А 


(C, H. Z. and V may change.) 


(EX) SBI A, 07H 


A=|0 0 1 0 0 1 0 O|eyecute 


G) DCS (DeCimal Subtract) 
The contents of the accumulator are decimal subtracted by the external memory 
including C, and its result is stored in the accumulator. 
C, H, Z, and V may change. 


* Format * Operation 
DCS (Rreg) 1) А + [operand] + C + A 
DCS #(Rreg) (С, Н, 7, and У may change.) 


2) A+ ПА = А 

Where, DA is used for compensation of decimal 
number which is dependent on the value of flags C 
and H in regard to item 1). 


C H DA 

0 0 9AH 

0 1 АОН | 

1 0 ҒАН 
(8-21 1 I 00H 221 


(EX) DCS (Xreg) 
The contents of the memory represented by the X register are decimal 
subtracted from the accumulator. 


Xreg — 4700H 
Contents After execution of DCS 
A С So - Decimal subtraction 
of 4700H C H A 
42H 31H 1 1 1 ТІН 42-31-0- П 
42H 31H 0 1 1 10H 42-31-1-10 
23H 54H 1 0 0 69H 23—54—0-69—100 
23H 54H 0 0 0 68H 23—54—1=68—100 


АМО 
The contents of the accumulator are ANDed with the value of the external memory, 
and its result is stored in the accumulator. 


Only the flag Z changes. 


* Operation 
A ^ [operand] — A 
(Z changes.) 


0100) А=|0 1000100 


e Format 

AND (Rreg) 

AND #(Rreg) 

AND (ab) 

AND (ab) 

(EX) AND (Ureg) 
Ureg=4700H 
А= 1 1 0 

Contents _ 
of 4700H 10 l ! 


|o 
e 


© ANI (ANd Immediate) 


The contents of the accumulator or external memory are ANDed with the immediate 
data, and its result is stored in the accumulator or the external memory. 


Only the flag Z changes. 


e Format 
ANI AJ 
ANI (Rreg),i 
ANI #(Rreg),/ 
ANI (ab), 
ANI #(ab),i 


ORA (OR Acc) 


* Operation 
[operand] ^ i — [operand] 
(Flag Z changes.) 


The contents of the accumulator are ORed with the value of the external memory, and 


its result is stored in the accumulator. 


Only the flag Z changes. 


e Format 
ORA (Rreg) 
ORA #(Кгер) 
ORA (ab) 
ORA (ab) 


* Operation 
^ V [operand] — A 
(Flag Z changes.) 


(EX) ОВА (Ureg) 


Ureg — 4700H 
dex 1 0 A 1 0 0 0| A-|0.1 Y 1 t3 T 3 
= Execute - m 
Contents - Е #=9 
М КЕГЕН 1| 
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(1) ORI (OR Immediate) 
The contents of the accumulator or external memory are ORed with the immediate 
data, and its result is stored in the accumulator or the external memory. 
Only flag Z changes. 


* Format * Operation 
ORI Aj [Operand] v i — [operand] 
ORI (Rreg),/ (Z changes.) 
ORI #(Rreg),/ 
ORI (аһ) 


ORI Жар), 


(2 EOR (Exclusive OR) 
The contents of the accumulator are exclusively ORed with the value of the external 
memory, and its result is stored in the accumultor. 
Only the flag Z changes. 


* Format * Operation 
EOR (Rreg) A CP [operand] — A 
EOR #(Кгер) (Z changes.) 
EOR (ab) 


EOR (ab) 


(EX) EOR (Xreg) 
Xreg — 4700H 


А= |0 0 11 0 1 1 Ol|ExecuteA=|0 1 011011 


Contents _ 2-0 
он 01101101] 


(3) EAI (Exclusive or Acc and Immediate) 
The contents of the accumulator are exclusively ORed with the immediate data, and its 
result is stored in the accumulator. 
Only the flag Z changes. 


* Format * Operation 
ЕЛІ i АФ = A 
(4. changes.) 


ІМС (ІМСгетепі) 
The value of the accumulator or the register is INCremented by one. In the case of the 
8-bit register (А, RL, RH), it makes flags C, V, H and Z changed. In the case of the 16- 
bit register Rreg, no flag change takes place. 


e Format * Operation 
INC A [Operand] + 1 — [operand] 
INC RL (C. V. Н, and Z changed.) 
INC RH 
INC Rreg [Operand] + 1 — [operand] 
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(ЕХ) INC XL 


i Execute | z 1 
AL 0.0: 1. ДО Е > х= 0 011100 0) 


(9 DEC (DECrement) 


The value of the accumulator or register is DECremented by one. In the case of the 8- 
bit register (А, RL. RH), it makes flags C, V, Н and Z changed. In the case of the 16-bit 
register Rreg, no flag change takes place. 


* Format * Operation 
DEC A [Operand] - 1 — [operand] 
DEC RL (C. V. H, and Z changed.) 
DEC RH 
DEC Rreg [Operand] — 1 — [operand] 


(EX) DEC Xreg 
XL= |000 d 000% 0| XL- 1 
- - Ехесійе - - 


XH= [0 001000 1| хн=[0 00 10000 


-4-3. Compare and bit test 


CPA (ComPare Acc) 
The contents of the accumulator are compared with register or external memory, and 
its result is represented by flags C. V, H. and Z. 


e Format * Operation 
CPA RL A — [operand] — change in C, V, H. and Z 
CPA RH Or 
CPA (Rreg) A + [operand] + | — change in C, V, H. and Z 
^p eo MN s Ра m 
Ed un | Comparison | SEE E. V | H | 
CPA #(ab) A> [operand] | 1 | o | ж | ж 
А-(орегапа| | 1 1 ж | ж 
A — [operand] | 0 | 0 ж | ж 


ж : Flags V and H may change according to the 
condition mentioned in "Status flag", but ithas 
no meaning with the CPA instruction. 


(EX) CPA XL 


— Execute 
-» 


C=1 , Z=0 
x=[0 1 0 1 0 0 0 0] 
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(2 CPI (ComPare Immediate) 
The contents of the accumulator or register are compared with the immediate data, and 
its result is represented by flags C, V, H, and Z. 


e Format e Operation 
CPI RL. [Operand] — i — change in C, V, H, Z 
CPI RH; 
CPI Aji 

Comparison C 2 | V H 

[Operand] >; 1 0 | ж ж 

(Орегапа|-і 1 1 ж ж 

[Operand] <; 0 0 ж ж 


* : Refer to "CPA instruction". 


BIT (test BIT) 
The accumulator is ANDed with the external memory, and its result is represented by 
the flag Z. 


e Format © Operation 
BIT (Rreg) A A [operand] - 7 flag change 
BIT #(Rreg) 
BIT (ab) 
BIT #(ab) 


(EX) BIT (Xreg) 
Xreg — 4F00H 


А- 1000000 o | Же 


Contents _ TAS 
ган 00 0.0 1 1 T 1j 


BII (test Bit Immediate) 
The contents of the accumulator or the external memory are ANDed with the 
immediate data, and its result is represented by state of the flag Z. 


e Format * Operation 
BII Aj (Орегапа| ^ i — 7 flag change 
BII (Rreg),i 
ВП #(Rreg),i 
BII (аЬ) 
ВП #(ab),i 
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2-4-4. Transfer and search instructions 


LDA (LoaD Acc) 
The contents of the RL register, RH register, or the internal memory are transferred to 
the accumulator. 
Only the flag Z changes. 


* Format * Operation 
LDA RL [Operand] — А 
LDA RH Flag Z 
LDA (Rreg) 1: when [operand] = 00H 
LDA #(Rreg) 0: when [operand] >< 00H 
LDA (ab) 
LDA #(ab) 


(ЕХ) LDA XL 


= Execut 
x=[0 001000 0] x=[00 010000 


@ LDE (Load and DEcrement) 
The contents of the external memory (R register) are transferred to the accumulator, 
then “1” is decremented from R register. 
Only the flag Z changes. 


e Format * Operation 
LDE Rreg (Rreg) — А 
Rreg — ] — Rreg 


Flag Z 
1: when (Rreg) = 00H 
0: when (Rreg) # 00H 


(EX) LDE Yreg 


Contents _ » 
of pean O l 0 1 1 0 0 O A= 0 1011000 


Yreg=202AH Yreg=2029H 
2-0 
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@ LIN (Load and ІМсгетепі) 
The contents of the external memory (R register) are transferred to the accumulator, 


then “I” is added to the R register. 
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Only the flag Z changes. 


* Format * Operation 
LIN Rreg (Rreg) — A 
Rreg + ] — Rreg 
Flag Z 
I: when (Rreg) = 00H 
0: when (Rreg) == 00H 
(EX) LIN Ureg 
Contents =] — 
of OO55H~ |9 0 1 1 1 0 1 | A= 0 0111010 


Execute 
Ureg=0055H — Ureg=0056H 
2-0 


@ LDI (LoaD Immediate) 


The immediate data is loaded in the accumulator, КІ. register, RH register, or stack 


pointer S. 


The flag Z changes when transfer is done to the accumulator and no flag change occurs 


in otherwise case. 
Two bytes of the immediate 


e Format 
© LDI A; 


@ LDI RL;j 
LDI RH; 


@ LDI S.i, j 


value are transferred in the case of the stack pointer. 


e Operation 
i— А 
Flag Z 
l: when i = 00H 
0: when i Z ООН 


i> КІ. 
i — RH 
(No flag changes) 
i — SH 
posh 
(No flag changes) 


(EX) LDI XH,5AH 


Immediate | 
value Е 


= Execute ee 
ЖААЖ ОЕ] Kjo 1 01 10 10 


LDX (LoaD Xreg) 


The contents of the R register, stack pointer, or program counter are transferred to the 
X register. 


No change takes place in flags. 


* Format 


* Operation 
LDX Rreg [Operand] — Xreg 
LDX S 
LDX P 
(ЕХ) LDX S 


Execute 
5--4700Н ——— Xreg=4700H 


(5) STA (5Тоге Acc) 
The contents of the accumulator are transferred to the КІ. register, R H register, or the 
external memory. 


No change takes place in flags. 


è Format 
STA КІ. 
STA RH 
STA (Rreg) 
STA #(Rreg) 
STA (ab) 
STA #(ab) 


* Operation 
A — [operand] 


(EX) STA XL 


Execute 
А=|0 0 11 001 1| > Хї=|0 0 1 1 


SDE (Store апа DEcrement) 
The contents of the accumulator 
“1” is decremented from Rreg. 
No change takes place in flags. 


are transferred to the external memory (Rreg), then 


* Format 
SDE Rreg 


* Operation 
А — (Rreg) 
Rreg — | — Rreg 


(EX) SDE Yreg 


u | Contents _ [a | i 
A Iro Ж ШШЕ le oid 1 eyecuteof 4700H 0 0 121. EA a 
— 
Үгер —46FFH 
Yreg = 4700H 
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0) SIN (Store and INcrement) 
The contents of the accumulator are transferred to the external memory (Rreg), then 
“1” is incremented to Rreg. 
No change takes place in flags. 


e Format © Operation 
SIN Rreg А — (Rreg) 


Rreg + | — Rreg 


(EX) SIN Yreg 


"RE ORC NES Безо Contents 52741 Ruy = 
A-[00 1 1 1 1 1 t recae 07 470087 |O 0 1 1 1 1 odd 
Yreg —4700H | Yreg—4701H 


STX (STore Xreg) 
The contents of Xreg are transferred to the R register, stack pointer, or program 
counter. 
No change takes place in flags. 


e Format * Operation 
STX Rreg Xreg — [operand] 
STX S 
SIX P 


PSH (PuSH) 
The contents of the accumulator or R register are stacked in the memory specified by 
the stack pointer. 
In the case of the accumulator, the stack pointer is decremented by one. In the case of 
the R register, the stack pointer is decremented by two. 


e Format e Operation 
Q) PSH A A — (S) 
Sc eS 
@) PSH Rreg RL = (S) 
SS 
RH — (S) 
9-15-85 
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Ел) e 4 
(1) PSH A 
А [0 0 7 1 1 3 T 1 46FDH 
Ei І E Execute. БЕРН 46FEH XH contents 
5--4700Н 46FFH XL contents 
4700H A contents 
(2) PSH Xreg Execute 
———5 S-—46FDH 
Xreg=2030H bo ae 
S=46FFH 
69 POP (POP) 


The contents of the stack pointer transferred by the PSH instruction are returned to the 


accumulator or the R register. 
In the case of the accumulator, the stack pointer is added by one. In the case of the R 
register, the stack pointer is added by two. 


e Format * Operation 
© POP A SRAI =S 
(S)— A 

Flag Z 


1: when (S) = 00H 
0: when (S) # 00H 


@ РОР Rreg StI-S 
(S) —^ RH 
Ses 
(5)- КІ. 
(No flag change) 
(EX) 1) POP Xreg 
[^ Ses, ш P—46FDH EC I p. 46FFH 
mE Xreg — 2030H 
46FDH (2) POP A 
авн | 20H Р=46ЕЕН EST" p—4700H 
i m қалана 
— ss 


G) АТТ (Acc То Т) 
The contents of the accumulator аге transferred to the T register. 


e Format * Operation 
ATT A= Т 


37 


38 


(9) TTA (Т To Acc) 


The contents of the T register are transferred to the accumulator. 
The flag Z changes. 


e Format © Operation 
TTA Т--А 
Flag 7 


l: when T = 00H 
0: when T >< 00H 


2-4-5. Block transfer and search instructions 
63 TIN (Transfer and INcrement) 


The contents of the external memory (Xreg) are transferred to the external memory 
(Yreg), then both Xreg and Yreg are added by one. 
No change takes place in flags. 


e Format * Operation 
TIN (Xreg) — (Yreg) 
Xreg + | — Xreg 
Yreg + | — Yreg 
(EX) TIN 
Xreg= 4700H Xreg=4701H 
Execute 
Yreg=4800H > Yreg=4801H 
Contents _ Contents 
of a7ooH 0 0 1 10 0 1 1| of 4800H 0 0 1 T sQ 01 1 


CIN (Compare and INcrement) 


The contents of the accumulator are compared with that of the external memory 
(Хгер), its result is represented by flag states, then Xreg is incremented by one. 


e Format 


© Operation 
CIN 


A — (Xreg) — change in C, H. Z, and V 
Xreg + | — Xreg 


Relation between the comparison result (A with 
Xreg) and flags (С, Н, Z, V) is the same as in 
CPA. 


2-4-6. Rotate and shift instructions 
@) ROL (ROtate Left) 


The accumulator contents are rotated left through the flag C. 


e Format 


* Operation 
ROL 
| | 
l Е < | < € < < < < < 
A 
(ЕХ) ROL 
| — Execute - -- — 
ПГЕКЕЕШЕКЕ > jo) (10111011 
Carry A Carry A 


ROR (ROtate Right) 


The accumulator contents are rotated right through the flag C. 


e Format 


* Operation 
ROR 
| E C | E » э э э > > > | | 
| 
A 
(EX) ROR 
Execute 
ИР ЕЕ ЕУ — [o] [0 1 1 00 10 0 
Carry A Carry A 


@ SHL (SHift Left) 


The contents of the accumulator are shifted left. 


* Format * Operation 
SHL 
| _ 
С = < < < e e < < eo? 
A 
(EX) SHL 
Execute | 
Esa eae es ee ИСИС Е 
Carry A Carry A 
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SHR (SHift Right) 
The contents of the accumulator are shifted right. 


* Format * Operation 
SHR 
“0” » > > > P > > - С | 
A 
(EX) SHR 
Pm Execute 
1 001 001 1 Ж) э |0 1 0 1 1 


А Carry 


Carry 


DRL (Digit Rotate Left) 


Left rotation takes between the accumulator and the external memory (Xreg) or 


#(Xreg) in unit of digit (4 bits). 


In other words, the low order 4 bits ofthe external memory are moved to the high order 


4 bits of the external memory, the high order 4 bits of the external memory are moved 
to the high order 4 bits of the accumulator, the high order 4 bits of the accumulator are 
moved to the low order 4 bits of the external memory, and the low order 4 bits of the 


accumulator are moved to the low order 4 bits of the external memory at all times. 


No change takes place in flags. 


* Format * Operation 
DRL (Xreg) 
DRL #(Xreg) 


T = i = C a= = | 
А Memory [(Xreg) or #(Xreg) | 
(EX) DRL (Xreg) 
Xreg=4700H 
Ac rex dod a=[1 011001 1) 
Execute 
ЕЕС 
Contents ||, p I EE Contents _ | NIA ET 
of on = 0 11 0 0 11) grau [0 0 1 1 0 ! ! 0] 
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DRR (Digit Rotate Right) 


Right rotation takes between the accumulator and the external memory (Xreg) or 
#(Xreg) in unit of digit (4 bits). 

In other words, the low order 4 bits of the external memory are moved to the low order 
4 bits of the accumulator, the low order 4 bits of the accumulator are moved to the high 
order 4 bits of the external memory, the high order 4 bits of the external memory are 
moved to the low order 4 bits of the external memory, and the high order 4 bits of the 
external memory are moved to the high order 4 bits of the accumulator memory at all 
times. 

No change takes place in flags. 


% Format * Operation 


DRR (Xreg) 
ОКК #(Хгер) 


T. T сз eee 
A Memory [(Xreg) or #(Xreg)] 
(EX) DRR (Xreg) 
Xreg=4700H 
A=|1 1000001] a=|0 100001 0| 
Execute 
Contents _ voa A A A | I| mem m EUCH 
27. ЕЖЕЖЕЖЕ ЖЕ ALME: 0010100) 


АЕХ (ЕХсһапде Асс) 


The high order 4 bits of the accumulator аге swapped with the low order 4 bits. 
No change takes place in flags. 


e Format * Operation 
AEX 


——— Execute = — 
А-|11001010)|---А-(10101100 


41 


42 


2-4-7. CPU control instructions 


SEC (SEt Carry) 
Sets the carry flag. 
No change takes place in flags. 


e Format * Operation 
SEC = 


REC (REset Carry) 
Resets the carry Пар. 
No change takes place in flags. 


e Format * Operation 
REC 0-С 


CDV (Clear DiVider) 
Clears the internal divider. In other words, since the CPU clock is supplied through the 


divider, it makes clock reset by the CDV instruction. 


e Format e Operation 
CDV 0 — divider 


ATP (Acc To Port) 
The contents of the accumulator are sent on the data bus. As the clock P 9 is sent out 
from the CPU at this moment, it may be used for the clock of the latch IC to comprise 
an output port. 
No change takes place in flags. 


e Format * Operation 


ATP 
UM uS _ __ 
Clock РФ L 


H 
Data bus (High impedance) 
L 


Contents of accumulator are sent out 


H 
Address bus X ( X L 


Contents of the X register are sent out 


H 
OD L 


NOTE: Though data is output with high state of OD (output disable) during memory write, OD 
is low state in the case of the ATP instruction. 


Data bus 


8-bit output port 


TC4042 x 2 
(latch IC) 
SPU (Set PU) 
Sets the general purpose flipflop PU. 
No change takes place in flags. 
* Format © Operation 
SPU |=. PU 
RPU (Reset PU) 
Resets the general purpose flipflop PU. 
No change takes place in flags. 
* Format * Operation 
RPU 0 — PU 
SPV (Set PV) 
Sets the general purpose flipflop PV. 
No change takes place in flags. 
e Format * Operation 
SPV | — PV 
RPV (Reset PV) 
Resets the general purpose flipflop PV. 
No change takes place in flags. 
* Format * Operation 
RPV 0 — PV 


SDP (Set DisP) 
Sets the LCD on/off control flipflop DISP. 


* Format * Operation 
SDP | — DISP 
On pattern signal is generated from the 
CPU internal LCD backplate signal lines 
(H0^H7). 


43 


G) ВОР (Reset DisP) 
Resets the LCD on/off control flipflop DISP. 


e Format * Operation 
RDP 0 — DISP 
Off pattern signal is generated from the 
CPU internal LCD backplate signal lines 
(H0- H7). 


62 ITA (In To Acc) 
The contents of the input port (INO~IN7) are transferred to the accumulator. 


Only the flag Z changes. 


e Format * Operation 
ITA INO~7 — Accumulator 
63 SIE (Set IE) 


Sets the interrupt enable flag IE. After this, it becomes ready for maskable interrupt 
and timer interrupt acknowledge. 
No change takes place in other flags. 


e Format * Operation 
SIE | — IE 


RIE (Reset IE) 
Resets the interrupt enable flag IE. After this, maskable interrupt and timer interrupt 
are disabled. 
No change takes place in other flags. 


e Format * Operation 
RIE 0 — IE 


69 AMO (Acc to Tm and 0) 
The contents of the accumulator are transferred to the timer register (TM). Since the 
timer register consists of 9 bits, the accumulator contents are transferred to the low 
order 8 bits of the register and “0” is entered in the highest order bit. 
No change takes place in other flags. 


e Format * Operation 
AMO A — TM (ТМ0-ТМ7) 
0 — TM8 
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AM1 (Acc to Тт and 1) 
Same as AMO, but “1” is entered in the highest order bit. 
No change takes place in other flags. 


e Format * Operation 
AMI A = TM (TMO^TIM7) 
| = TM8 


6) МОР (No Operation) 


HLT (HaLT) | 
Stops CPU operation. (Only the divider is in operation.) 
Released from stop by interrupt. 
No change takes place in flags. 


OFF 
BF flipflop reset instruction. 
No change takes place in flags. 


2-4-8. Jump instructions 
JMP (JuMP) 


Jumps to a new program step represented by the second and third bytes of the 
immediate data /, j. 
No change takes place in flags. 


e Format © Operation 
JMP ij i — PH 
po PL 
(EX) JMP 41H,00H С” 
4000H JMP А 
штір 
PH=40H Execute РН=41Н 4001H 41H instruction 
4003H 
Jump 


4100H 
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ВСН (ВгапСН) 
Jumps to a new program step which is indicated by the program counter of which value 
is added/subtracted by the value of the immediate data /, j. It will be possible to jump 
within a range of —255« i« 255. 
No change takes place in flags. 


e Format e Operation 
ВСН--/ P+i—P 
BCH-i P= poe P 
(7 UN C GA 
(EX) ВСН--5 
Execute ; 
P—4002H —— P=4007H p [a 
4001H 05H instruction 
4002H 
As soon as the BCH instruction is read, 
the program counter becomes 
“р--4002Н”, and after execution of the ms 
BCH instruction, the next program Ee крен + 
execution starts from the address 4007H. ү к= === 
AR 


BCS (Branch if C Set) 
Conditional relative address jump. 
When C-1, it jumps to a program step represented by the program counter of which 
value is added /subtracted with the value of the immediate data. 
If C=0, the control proceeds directly to a next program step without causing jump. 
No change takes place in flags. 


e Format * Operation 
BCS+; Gel И 
~ ^0: P not changed. 
ВС5-і = каа 
22 10: P not changed. 


(EX) BCS+5 


ae 


Р opu Ше» РЕТ 
= ——ә:р= 

4000H Bcs+t — || ges 
vey 4001H 5H | instruction 


As soon as the BCS instruction is read, ыы 


the program counter becomes If C=1 
"P—4002H". If C=1 at that point, next 
program execution starts from the 
address 4007H. If C=0, it starts from 
4002H. ad 


> 
4007Н 


BCR (Branch if C Reset) 
If C=0, it jumps by relative address. 
If C=1, it executes the next program step. 
No change takes place in flags. 
e Format 
BCR+i 
BCR-i 


BHS (Branch if H Set) 
If H=1, it jumps by relative address. 
If H=0, it executes the next program step. 
No change takes place in flags. 
e Format 
BHS+; 
BHS-i 


BHR (Branch if H Reset) 
If H=0, it jumps by relative address. 
If H=1, it executes the next program step. 
No change takes place in flags. 
e Format 
BHR+i 
BHR-i 


BZS (Branch if Z Set) 
If Z=1, it jumps by relative address. 
If Z=0, it executes the next program step. 
No change takes place in flags. 
e Format 
BZS+i 
BZS-i 


BZR (Branch if Z Reset) 
If Z—0, it jumps by relative address. 
If Z=1, it executes the next program step. 
No change takes place in flags. 
e Format 
BZR+i 
BZR-i 


BVS (Branch if V Set) 
If V=I, it jumps by relative address. 
If V—0, it executes the next program step. 
No change takes place in flags. 
e Format 
BVS+i 
BVS-i 
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BVR (Branch if V Reset) 
If V=0, it jumps by relative address. 
If V—1, it executes the next program step. 
No change takes place in flags. 


e Format 
ВУЕ-- 
BVR-i 


LOP (LOoP) 
If borrow is not produced after subtracting “1” from the UL register, the program 
counter is subtracted by the immediate data, then it jumps to relative address for next 
program execution. 
If there is borrow, (UL<0), it proceeds to the succeeding program step. 
No change takes place in flags. 


* Format * Operation 
LOP i UL —1 — UL 
0: P = p= P 
Borrow = i 


1: То succeeding step 


(EX) LOPS (C CL 
4000H 
P= 4005H P = 4000H : 
UL— 05H UL —04H I 
When UL20 4003H LOP 
4004H 05H 
4005H 


2-4-9. Subroutine jump instructions 
(1) SJP (Subroutine JumP) 


The contents of the program counter, which show the next program executing address, 
are stored in the stack pointer, then the control jumps to the subroutine address 


represented by į and j of the 16-bit immediate data. 
No change takes place in flags. 


* Format * Operation 
SJP i, j PL — (S) 
5-1 
РН — (S) 
5-1 
i — PH 
J = PE 
(EX) SJP EOH, 00H > 
ш 
4000H сір | 
4001H EOH | SJP instruction 
4002H | OH | 
4003H um 
Instruction 
4003H is stored in the stack pointer by 
the execution of STP instruction and 
jumps to the subroutine of E000H. 
With the RTN instruction of the 
subroutine, the control returns to 4003H 
to resume previous program execution. da m 
o 
Е000н | Subroutine 
processing 
RTN 
JEEN 
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(2 VEJ (МЕсіог subroutine Jump) 

One step subroutine jump instruction that jumps to the address indicated by the two- 
byte vector, whose high order address byte is represented by ҒЕН and low order 
address byte by the operand of the instruction. 

The flag Z is reset. 

There are 28 kinds of VEJ operand within two bytes range of 11000000 (COH) to 
11110110 (F6H). Therefore, the vector address table contains the address area of 
FFCOH to FFF6H. 


e Format * Operation 
VEJ i PL — (S) 

S= xs 

PH — (S) 

Spes 


(FFOOH+/) — PH 
(FFOOH+/+1) — PL 


NOTE: i has 28 kinds of VEJ operands. 


“лыы г] 
(ЕХ) VEJ сан Instruction 
execution 
— — | 
4000H сан VEJ instruction 
m Instruction < 
execution 
The contents of FFC4H and FFC5H are Vector 
interrogated at the address 4000H and rA LM [Rum 
jump to the subroutine of 4500H. 
With the RTN instruction of the 4500H | Subroutine 
subroutine, the execution resumes from Preece se 
the address 4001H again. | 
Because it permits subroutine jump by a га 
single byte of instruction, it helps to 
сазы 0 


reduce program steps, when applied to (^ NES 
too often appearing subroutine. 


(3 УМ, (Vector 2 byte Subroutine Jump) 


Jumps to the address indicated by the two-byte vector address, whose high order 


address byte is represented by FFH and low order address byte by the immediate data. 


The flag Z is reset. 


Vector address table contains FF00H thru FFF6H. Immediate value í may take even 


number of 00H thru F6H. 


* Format * Operation 
VMJ i PL — (S) 

SS 

PH — (S) 

SIS 


(FFOOH+/) — PH 


(FFOOH+/+1) — PL 


(ЕХ) УМЈ COH 


The contents of FFCOH are interrogated 
by the VMJ instruction and jump to the 
subroutine of EOCOH. 

With the RTN instruction of the 
subroutine, the execution resumes from 
the address 4002H again. 

Because it permits subroutine jump by 
two bytes of instruction, it helps to 
reduce program steps, as compared with 
the SJP instruction. 


4000H үм) 


4001H COH 


} VMJ instruction 


[ 4002H 


== 


EOCOH | Subroutine 
processing 


RTN 
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VCS (Vector subroutine jump if C Set) 
Conditional vector subroutine jump instruction. 
If C=1, it performs the vector subroutine jump, the same as in the VMJ instruction. 
If C=0, the control proceeds to the succeeding program step. 


e Format 
VCS i 
ED ж 
(EX) VCS COH 
4000H VCS 
4001H COH 
4002H к 4м 
The contents of C are interrogated by the C=1 
VCS instruction and perform the vector К 
subroutine jump, if C—1. С] 
If C=0, it continues to execute the ә 
program in the address 4002H. EOCOH | processing 
RTN 
ж 
ЕЕСОН EOH 
FFCIH Сон 
WU DS a) 


@ VCR (Vector subroutine jump if C Reset) 
If C=0, it performs the vector subroutine jump, the same as in the VMJ instruction. 
If C=1, the control proceeds to the succeeding program step. 
* Format 
VCR i 


VHS (Vector subroutine jump if H Set) 
If HS1, it performs the vector subroutine jump, the same as in the VM J instruction. 
If H—0, the control proceeds to the succeeding program step. 
* Format 
VHS i 


@ VHR (Vector subroutine jump if H Reset) 
If H=0, it performs the vector subroutine jump, the same as in the VM J instruction. 
If H=1, the control proceeds to the succeeding program step. 
e Format 
VHR i 


VZS (Vector subroutine jump if Z Set) 
If Z—1, it performs the vector subroutine jump, the same as in the VMJ instruction. 
If Z—0, the control proceeds to the succeeding program step. 
ө Format 
VZSi 


2-4-10. 


VZR (Vector subroutine jump if Z Reset) 
If Z=0, it performs the vector subroutine jump, the same as in the VMJ instruction. 
If Z—1, the control proceeds to the succeeding program step. 


e Format 
VZR i 


VVS (Vector subroutine jump if V Set) 
If V=1, it performs the vector subroutine jump, the same as in the VMJ instruction. 
If V=0, the control proceeds to the succeeding program step. 


* Format 
VVS i 


Return instructions 


RTN (ReTurN from subroutine) 

The instruction used to return from the subroutine to the main routine. 

No change takes place in flags. 

The previous program address is gotten from the external memory stack to be 
transferred to the program counter. 

The next instruction will be fetched from the address indicated by the program counter. 


* Format * Operation 
КТМ Sc lS 
(S) — PH 
Sc | =S 
(S) = PL 

RTI (ReTurn from Interrupt) 


The instruction used to return from the interrupt service routine to the main routine. 
After executing the same procedure as in the RTN instruction, then the contents of the 
T register at the time of interrupt are gotten from the external memory stack to be 
transferred to the T register. Flags are also set to their previous states. 


* Format * Operation 

RTI Өре 

(5) + PH 

Srl S 

(S) — PL 

Scb s= S 
(5)— T 
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2-5. Command list 


List of LH5801 Microprocessor will be shown in pages to follow. There are following nine 
types of commands. 


Single byte command 


(1) | op code 


Two-byte command 


(2) |11111101 ор code 


(3) | ор соде | immediate | 
(i) 
Three-byte command 
(4) | 11111101 | op code | immediate 
(i) 
(5) op code | immediate H | immediate L 


()  16bis — () 


(6) | op code | address H | address L | 
(а) (5) 
Four-byte command 
(7) |11111101| opcode | addresH | address L 
| | (a) (b) 
(8) | op code | address H | address L immediate 


(a) | (b) (i) 
Five-byte command 


(9) 11111101) op code address H address L immediate 
(a) (b) (0 
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8-bit CPU command list (1) 


Arithmetic/logical 
STATUS MACHINE LANGUAGE | 
MNEMONIC SYMBOLIC OPERATION —— — ———, BYTE | CYCLE COMMENT 
CVHZIE | 76543210 
ADC Кі А+К +С УА ОООО- |00 0010 6 
ө B5 ВА R. Кн К 
Кн А+Ен CA 10Кн 0010 6 „= 
| 00 X X X 
(R) A+(R)+C>A 00К 0011 7 
0114 YH Y 
(a,b) At+(ab) +C >A 10100011 13 
10 U Un U 
ll ж ж ж 
ER) A+#(R)+C>A FD 11 
00К 0011 
#(ab) | A+#lab)+C>A FD 17 
š | ý 101000 
€ Address of (a,b) 
ADI Ay A+i+C>A 101100 7 
| [5 ысы B7 hes 0 
T 
a | 5 | 
(R),i (R) +i >(R) OIR 11 13 | | 
(High order) (Low order) 
(a,b),i (a,b) + тэ a,b) 1110111 19 
@(R):::ME0 accessed 
FD S (R): MEI accessed 
SOR #(R)+i>#(R) 01 R 111 17 
FD 
#(a,b),i t(a,b)+i-> #(a,b) 1101111 23 
DCA (R) A+(R) +C ~A( BCD) 0R 1100 15 
#(R) A+ (К) +С >А(ВСО) FD 19 
0R 1100 
ADR | R TASR FD | 11 
| -bit ist 
(16-bit register "EET 
operation) 
НТН. ifC7 | 
== аас ае T | 
SBC R. A—R.—C>A ОООО- |008 0000 6 
Кн А-Кн-С-А 10Кн 0000 6 
(R) А-(Ю)-С-А 00R 0001 7 
(a,b) A—(a,b) - CA 10100001 13 
= FD 
#(R) A—#(R)-C>A 00 R 0001 1 
_ FD 
#(a,b) A— (ab) -CA 10100001 17 
SBI A, А-і-С-А 10110001 7 
жз | 
DCS (R) A—(R) -CA(BCD) 00 R 100 13 
E FD 
#(R) A—#(R)—C >A(BCD) 00 К 1100 17 
AND (R) AA(R) >A SSO 40:0 Rz 50071 7 
(a,b) А/(а,0-А 1010100 13 | 
FD | 
#(R) AN #(R) ЭА 00 R 00 1l] 
FD | 
#(a,b) A/ (a,b) >A 1010100 | 17 | 
| | 
ANI A; AAi>A 11011100 | 7 
(Юю (R)Ai>(R) 01 R 00 | 13 
(а,61,4 (a,b) \i>(a,b) 1110100 19 
FD 
#(R)i #(R)Ai> HIR) 01 R 001 17 
FD 
Hla, b)i | #(ab) ^io Hiab) 1110100 | 23 | 
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8-bit CPU command list (2) 


I 
MNEMONIC SYMBOLIC OPERATION S SMA s: BYTE | CYCLE COMMENT 
CVHZIE 76543210 
ОВА (R) [AVR >A кенен 00 R 1011 1 T 
(a,b) AV (a,b) >A 10101011 3 | 13 
#(R) AV #(R) ЭА 00 R 1011 22/01 
H(ab | AV (а) OA 10 0^ 011 4 |17 
ORI Aj AVioA 10111011 2| 7| 
(R), i (R)V iR) 01 R 1011 2 | 13 
(abi | (a,b) V iab) 11101011 4 | 19 
ЖЕ | (VIO #(R) 01 R101 1 з | 17 
É(ab),i | f(ab) Viot(ab) 11 T 011 5 23 
EOR (R) |АӨ(Н-А ---O-|00 F 1104 ШЕН 
(a,b) A®la,b) >A 1010110 3 | 13 
#(R) A@#(R)>A 00 R 1 10 2n 
H(ab | A®#(a,b) >A 10 б 10 a.) p? 
EAL i АФІ>А 1011110 2 7 
INC A АЧА OOOO- | 1101110 ШЕ 
R. Ri+I>Rt 01R 0000 ] 5 
FD 
Кн Ru-F I Ru 01 Кн0000 2 | 9 
R R+1>R -————|01 R0100 1 5 
DEC A A—1>A OOOO- | 11011111 1 5 
R. Ri—1 >Re 01 R 0010 1 5 
| FD 
Кн Кн-1-Кн 101 R 0010 2 9 
R |Е-іэк Ses] R0110 1 5 
Compare and bit test 
CPA R. | A-R. OOOO- |00R 0110 ШЕС 
Кн | A—RH 10 Кн0110 1 6 
(R) [А (R) 0080111 1 7 
(a,b) A— a,b) | 10100111. 3 | 13 
FD 
#(R) A— #(В) 00 R0111 2M 
#(a,b) | A—#(a,b) 10 0% 11 4 |17 
CPI Rui R-i ОТА 1110 27177 
Кн, Кн-і 01 RH 1100 2 7 
A, Аі 0110111 2 7 
BIT (R) | AACR) OZ eth RT | "ES 
(a,b) AA(a,b) >Z 010111 3 | 13 
FD 
#(R) A^Z()OZ 00R 1111 2| 
Жав) АЛ (а) OZ 01 04 11 4 |17 
Bl A; АЛіЭ2 011111 2 7 
(Ri (Ю/лі>2 0181101 2 | 10 
(ab) i (ab) Ai>Z 1101101 4 | 16 
FD 
HCR) | SURJAIOZ 018110 3 | 1 
#(ab)i | Жар ЛіЭ? 11 0 01 5 | 20 


8-bit CPU command list (3) 


Load and store 


STATUS MACHINE LANGUAGE 
MNEMONIC SYMBOLIC OPERATION —— Е ~ BYTE | CYTLE СОММЕМТ 
СУН71Е| 76543210 
LDA R. RL>A ---О-|00 0100 1 5 
RH Кн>А 10 Вн 0100 1 5 
(R) (R)>A 00 R 0101 1 6 
“(а,5) (a,b) 2A 10100101 3 12 
FD 
#(R) #(R) A 00 R 0101 2 | 10 
FD 
#(a,b) | #(a,b) >A 10100101 | 4 | 16 
LDE R (R)>A,R—1>R 01 R0111] 1| 6 
LIN R (R)>A,R+1>R от R0101 1 6 
LDI Rui эв |——- 01% 1010 2 6 
Ен,і і- Кн 01 Кн 1000 2 6 
Ai iA ---О-(|10110101| |216 
| 
S,ij i | ----- 10101010 3" | 12 
FD 
LDX R R>X 00 R1000 2 |11 
FD 
S SX 01001000 2 |n 
FD | 
Р Pox 01011000 2 | 11 
STA R. АВ -----1|00% 1010 1 5 
Ен ARu 00 Вн 1000 1 5 
(R) A(R) 00 R1110] 1| 6 
(a,b) А (a,b) 10101110 8-12 
FD 
#(R) A> #(R) 0081110 2 | 10 
FD 
(ab) | A> #(a,b) 10101110 4 | 16 
SDE R A>(R),R—1>R 01 R0011 1 6 
SIN R A>(R),R+1>R 01 R0001 1 6 
FD 
STX R X>R 01 R1010 22/1 
FD 
S XS (01001110 ои 
FD 
P ХЭР 01011110 2| 
FD 
PSH A А-(5),5-1-65 11001000 ШІ 
Ер 
R Rt>(S),RH>(S—1), 10 R 1000 2 | 14 
5-255 | 
FD | | 
РОР А (S+1)>A,S+1>S ---О-|10001010 2 | 12 
FD 
R (S+1)9RH(S+2)>RL, | ----—]00R 1010 2 | 15 
54255 
| I FD 
ATT А >Т(ЅТАТОЅ) OOOOO | 11101100 2 9 
FD 
TTA T(STATUS) >A ---O- |10101010| | 2 9 | 
Block transfer and search 
sry) X+1>X 
TIN 00200, YET oy == === ТТТ Я 1 7 


CIN A(X), X+1X |OOOO- 11110111 | 4 7 
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8-bit CPU command list (4) 


Rotate and shift 


STATUS | MACHINE LANGUAGE 
MNEMONIC SYMBOLIC OPERATION. 4 —| BYTE | CYCLE COMMENT 
CVHZIEEI76543210 
ROL С р [7-9 } OOOO-|11011011 1 8 
ROR БЕТЕР 11010001 1 9 
SHL [cH 7-0 Jeo 11011001 1 | 6 
SHR 9-|7-0 [c] 11010101 1 | 9 
+ — 1 
DRL LE LUT, TOT eee 11010111 1 | 12 
Ay To 09 FD 
DRL # МЕТ Area 11010111 2 | 16 
- si 11 
DRR [I ] | | | 11010011 1 | 12 
—— —— | 
А 1 | (x) | | FD 
DRR # МЕТ Area [11010011 2 | 16 
1 
AEX [ Í | 11110001 1 | 6 
A 
| 
CPU control 
AMO A>TIMER(TO~T7),0 ^T8 ыш |$ 2 | 9 
FD 
AMI ^ 1T8 11011110 2 9 
FD 
CDV divider clear 10001110 2 8 
ATP | A Output port Pus POS! 2 9 | 
(Clock output) FD | 
SDP 1>Disp 11000001 2 8 
FD 
RDP 0>Disp 11000000 2 8 
| 
SPU 12PU 11100001 1 4 
RPU 0>PU 11100011 | 1 4 
SPV 1>PV 10101000 1 4 
RPV 0>PV 10111000 1 4 
| FD 
ITA IN>A ———Q-]|10111010 2 9 
| | FD | 
RIE OE ----0110111110 2 8 
| FD 
SIE | 1-МЕ --0110000001| 2 8 
| | 
| Ер 
HLT |-———-|10110001 2 9 
FD 
OFF 01001100 2 8 
NOP 00111000 1 5 
SEC 1-с |О----|11111011 1 4 
ВЕС 02C [O----|11111001 1 4 


8-bit CPU command list (5) 


Jump 
STATUS MACHINE LANGUAGE 
MNEMONIC SYMBOLIC OPERATION t — — BYTE | CYCLE COMMENT 
СУН21Е | 76543210 
ЈМР ӘР Т -е-е--- 10111010 3 12 
8-0: +i 
BCH |5=0: P+i>P 10081110 2 8 | s=l: —i 
з=]: Р-і-Р 9 (Includes one more 
cycle) 
BCS if C=1, PEioP 10050011 2 (810 
| if С-0. continue 
BCR if C-0,P t ioP 10050001 2 || 9595) Соло | — 
0 0 0 | NC: non carry 
if C — Т, continue 001]|C: сапу 
BVS if V=1, PE ioP 10081111 2 |810 62150: Hi nen hart 
|. отт |н: half 
af VO ,'eontinüe 100 | №: non zero 
ВУК if V=0, P+i>P 10051101 2 |МШІ| тот (му: zero 
if V=1, continue 1 1 0 | NV: non overflow 
111 V overflow 
BHS if H=1, P+;i>P 100s0111 | 2 |8/M 
if H= 0. continue 
BHR ifH=0, PŁi>P 10080101 2 | 8/10/ 
if H=1, continue | 
BZS if Z=1, PEioP 10081011 2 | 8/10/ 
if Z=0, continue 
BZR if Z=0,P+i-P 10081001 2 | 8/10/11 
if Z=1, continue 
(ОР UL; UL—1>UL 10001000 2 | 8/11 
if Borrow=0, P—i>P 
if Borrow=1,continue 
Call 
SJP lPusPuexeu |----- 10111110 3 | 19 
| e Vector address (4) 
$—228, ijoP 
VEJ: FF >qu 
VEJ PL>(S),PH>(S—1) O 116 i 20 1 17 
11:0 эа. 
S—2-S,(q)> PH,(q+1)> Pt 
| VMJ: FF эдн 
VCS if C=1,(q) >PH>(S—1) 11000011 2 | 8/21 etc. 
iq. 
(9+1) 2P.9(S),5 - 2258 
VCR if C=0, 7 11000001 2 |8/21 
VHS if H—1, 7 11000111 2 |8/21 
VHR if H—0, 7 11000101 2 |8/21 
у25 if 221, d 11001011 2 |8/21 
VZR if 2—0, ⁄ 11001001 2 | 8/21 
WS ifV=1, 7 110011711 2 | 8/21 
VMJ (ад-Рн-(5-1),5-2-5 11001101 2 20 
| (q+1) >PL>(S) | 
1 — ' 
Return 
RTN IS-FI)-APH(SHT2)ÀPL, |—————]100110190 1 11 
S428 
RTI (S+1)>PH(S+2)>PL | ООООО | 10001010 1 14 
(5+3) >Т,5--3-5 


NOTE: Е ° in above list indicates a succeeding byte. For а command accompanying the immediate value, it 
i ndicates the byte that follows to the immediate value. 
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LH5801 


MNEMONIC | MACHINE LANGUAGE | MNEMONIC 
AC |х lo —— ANI (ab) 
[п [12 Е ET 
u 2 |. ЕТЕ 
хн [82 ЕТЕ 
н 92929 ЕНГ! 
ин a2 AMO | 
O) lO "RN 
ГЕНЕ АТР | | 
() | 23 АТТ | o 
Гау | A3ab BCH + 
800 | FD 03 ru 
ү |FDI3  |вс$ |+ 
ж) |FD23 ЕЗ 
#(ab) | FD A3 ab BCR | + 
ADD |A — |B3i Em 
(х) | 4F BHS |+ 
Y [si ЕЗ 
lu |6Е; BHR | + 
ІГЕСТГІТЕ = 
ЖО) | FD F; len la | 
#(y) | FD SF i (X) 
&(U | FD 6F i (ү) 
#(ab) FDEFabi TEM 
ADR He | FD CA (as) | 
Y | FDDA #00 
ШИЕ #0) 
AEX | TFA #00 | 
AND (O) |09 | Cab) 
lw Jag вт | (x) 
(U) 29 (Y) 
(ab) |а? (U) 
| &(X) | FD 09 (ab) d 
#(Y) | FD 19 ЕТИ 
&(U) |FD 29 #0) 
#(ab) FD AQ ab” ЕТТ 
AN А Bio | (ab) 
(9 |49: Bys |+ 
( |59; _ 
() legi BR + 


MACHINE LANGUAGE MNEMONIC 
E9abi |в |— 
FD 49 i Bzs |+ _ 
FD59i | = 
Foe9i | BZR | + 
ӨЛІГІ ГЕН S 
FDCE |сру I 
FDDE | CN | 
FD CC © | CPA XL 
FD EC —  — YL 
s UL 
Ei XH 
83 i m YH 
93 i Е UH 
8l i (X) 
91 i | (Ү) 
87 i (U) 
97 i (ab) 
85 i £O) 
95 i #(Y) 
BF í E 
4D i & (ab) 
5D i CPI | A 
6D i XL 
Basi YL 
FD 4D i m 
FD5D;i  — XH 
FD 6D i YH 
| FED wes UH 
оғ [DCA | (x) 
IF Е (Y) 
2F i (U) 
AFab #(X) 
FD OF Е #(Y) 
FD 1F и #00 
FD 2F — [pcs 1% 
FDAFab -— (Y) 
ВЕ i NA (U) 
В] #00 
Bi HY) 


8B i 
9B i 
89 i 


FD 8E 


17 
27 


FD OC 
FD 1C 


MACHINE LANGUAGE 


9D i 


99 i 


F7 
06 


116 
26 
86 
RE: 


A6 
07 


A7 a b 
FD 07 
FD 17 


FD 27 


FDA7ab 
B7 i 
4E i 


| 5E i 


6E i 
4C i 
5C i 
6C i 
8C 
9C 
AC 


| FD 8C 


FD 9C 
FD AC 
0C 
1С 
2С 


MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE 
pes | #(u) | FD 2C ipa U 24 ORA | ЖҮ |FDIB — — 
DEC A DF XH |e #(U) FD 2B 
xL | 42 ‘YH 9 &(ab) FD AB ab 
FEN UH AG Jor | A BBi 
uL |62 (9 [05 O) Bi 
XH — FD4 ( 5 | ® ЕВ: | 
YH |Ер52 IU |25 | ш еі 
UH | FD 62 (a) |A5ab | da EB abu 
X |46 #(X) | FD 05 ES #(x) FDd — 
Y | 56 &(Y) | FD 15 21 #0) ғо | 
U |6 #(U) |FD25 #(U) FD 6B 
DRL (O — D7 | (жаа) |FDABab — | | #(ab) | FD EB abi 
#(X) | FD D7 - LDI | A B5 i POP A | FDBA 
DR |(X) D xL laai и X (Еол | 
400 FDD — |Б MN Y — РТА | 
| EAI M BDi —— | UL бА i | 000 |FD2A ЖҰ 
EORR (X |0D | | ЕТЕГІ рен |A |FDC8 || 
( [D - н |58; E X | FD 8 H 
ш (әр UM вг Y | FD 98 ü 
(a) |ADab ° S lee 4 U |FDAB 00 | 
#(X) | FD OD [LE |х 47 RDP | FDCO 
жү) | FD 1D Y 5 ЕЕЕ | Fg ш 
жи) FD 2D | U |6 ЕГІ | FD BE Е 
за) |FDADab х X оов во ов 7 
HT | DB | É FD 18 || ROR m K 
‘INC А DD s U —|FD28 RPU ЕТТЕ | 
XL | 40 Gl S FD48 (ВР ЕЕ Ш 
YL | i P |rbs (БТ вд | 
'U leo Pun X | 45 ШИГ ЕСІ pn 
XH |FD4AO —— Y ls |. [|sE xe 00 
үн [ros —— — U 65 | ШИГ ШЕ 
UH | FD6 [LOP U 85; —— [u | 20 Ен 
X A NOP EE ЕЕ ТЕНГЕ 
Y |ы X OFF FD4C 00 үн (90 
lU [G |овА (O OB m UH AO KEE 
(ТА | FOBA 00 (ү) Гав и o [o 
pa d DEM La S E AES, | 
JMP | BA ij (u) | 2B v |n | 
‘LOA X O (a |ABab TENE 
vw fa #(x) FDOB — | ТИРЕТ 
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ММЕМОМС | MACHINE LANGUAGE 


MACHINE LANGUAGE 


MNEMONIC | MACHINE LANGUAGE MNEMONIC 
spc |800 Foo  |ттА | СҮТ 
#(y) | FD 11 vcs сз. o 
#(U) | FD 21 VCR Cli 
&(ab | FD Ala b ves [со |C0 —— 
SBI Bli | V c2 |с? 
SDE [x dG | C4 |C4 
Y 53 Ж C6 | ce 
U 63 Е св CB 
SDP FOC) | CA CA 
SEC FB cc Cc 
SHL D9 CE CE 
SHR D5 DO |00 
SIE FD 81 D? |р? 
SN |X 4“ DA |04 
Y ety D6 06 
u (е D8 ов 
mI BERE | DA DA | 
[su | [El | DC ос | 
ЕСЕ A8 DE | DE 
STA |XL OA EO | £0 
ЕГ E2 |E2 
іш [од E4  |E4 
XH 08 E6 |Е6 
ҰН |18 E8 |Е8 
UH 28 EA | EA 
[oœ Joe |ЕС | EC 
ly E EE VEE 
ПЕН: |FO IFO 
(a) [AE аЬ F2 |F2 
#(X) ір OE Í F4 F4 
| #0) (ЕО ТЕ 6 FG 
&(U) | FD 2E ШЕ CDi 
| &(a) |FDAEco — | WS CF i 
STX | X FD 4A ү25 CB i 
E FD 5A ЕГЕ C9 i 
U FD 6A VHR C5 i | 
S FD 4E HS. [cri | 
P| FD SE | | 
TN | |5 | 


2-6. Electrical characteristics and timings 


Absolute maximum ratings 


Parameter Symbol Limits I Unit 
Supply voltage Vcc =0.3 to: F7 V 
Input voltage Vin —0.3 to +7 V 
Output voltage Vour —0.3 to +7 V 
Operating temperature Topr 0 to +40 "C 
Storage temperature Tstg —55 to +150 "C 


Electrical characteristics 


DC characteristics (Ta=0 to 40°С, Vec=Vac=4.5V +0.5V) 
Parameter | Symbol} Min | Тур. | Мах Unit Тез! Applicable pins 
` ` : conditions 
Supply їсс 7 15 тА 3.80MHz 
current crystal in 
during connection 
operation 
Supply lur 4 mA 
current 
during halt 
Input voltage Үн \сс-1.0 V DO~7, ВҒІ, RESET, HIN, 
+ WAIT, NMI, MI, INO~7 
Vic 0.4 V 
Output Vou 2.4 у lou = 4004 A ADO~15, OPF, BFO, R/W, 
voltage ——— _—————— OD, МЕ0~1, РФ, PU, РУ, 
Vo. 0.4 V lt=1.6mA | ФО5, HA, DISP, 00-7 
= an _ ы | 
Input current Іш 1.0 HA Input pins other than 
= RESET, ВҒІ 
5 Мн = Vcc 
5.0 нА RESET, ВЕІ 
1.0 HA Input pins other than 
= INO~7, RESET, ВҒІ 
Dress Vi =0 
30 60 LA INO~7 
Power switch Rva 300 о МА 
ON resistance = 
Rvs 300 о VB 
LCD drive ОМ Кн 3.5 kQ Ні Мес HO~7 
resistance Pen 
Км 3.5 ко Hi— Мм 
R. 5.0 kQ Нг Vois 
Supply Ist 5 HA Үсс =0V 
current Veo =5.5V 
during 
standby 
3-state output| |lo| 1.0 uA ADO~15, DO~7, R/W, 
leakage MEO^1, OD 
current 
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АС characteristics 


I Unit 


Parameter Symbol Min. Test conditions | 
Тс 667 
Сі: 20рҒ 
tr 150 
ФО5 қ " nS tr | (Vcc X 0.1) V (Усс X0.9)V 
t 
tf | (Vcc X 0.9)V 9(Vcc X0.1)V 
twn 220 I 
to 250 C. : 20pF 
ADO~15 tr 80 nS Мон : (Vec X 0.5)V 
Vo. : 0.4V 
| Cu: 20pF 
to 260 
MEO,1 nS Мон : (Vec X 0.5)V 
tr 80 175 
Vo. : 0.4V 
to. 250 
Ces 20pF 
ік 170 
00 nS Vor : (Vec X 0.8)V 
tox 370 
Vor: 0.4V 
{єн 100 
Gis 20pF 
to —30 50 
R/W nS Von : (Vec X 0.8)V 
tr 200 
Vo. : 0.4V 
to 600 
C. : 20pF 
tr 220 
DO~7 nS Von : (Voc X 0.8)V 
ts 170 
Vor: 0.4V 
їн 100 
Сі: 20рҒ 
to 350 
РФ nS Мон 2 (Vec X 0.8) V 
tr 100 
Vo. : 0.4V 
C. : 20pF 
ts 190 
INO~7 ns Мн : (Vec — 1.0)V 
їн 30 
ү: 0.4V 
Cı : 20pF 
ts 130 
WAIT nS Мн : (Vcc — 1.0)V 
tu 20 
Уһ: 0.4У 
Сі: 20pF 
to 340 
PU, PV ns Von : (Vcc X 0.8)V 
tr 50 
Vor: 0.4V 
Ci: 20pF 
tp 310 
OPF nS Мон : (Veo X 0.8)V 
tr 190 
Үн: 0.4V 
RESET tw 2 mS Сі: 20pF 
BFI tw 250 nS C. : 20pF 
C. 20pF 
to 150 
BFO ns Vou 2 (Мес X 0.8)V 
tr 360 
Vo. : 0.4V 


Timing (1) 


еее тылы re а 
ADi “+ 
— to 


МЕО,МЕ 1—— 
— to 


R/W 


рФ 


Timing (2) 


— to 


pos \ 


WAIT 


PU,PV ———/ 


-- 


m 
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LH5810/LH5811 1/0 PORT CONTROLLER 


3-1. Outline 


Тһе LH5810/LH5811 is a single chip CMOS static LSI that features the following 
functions: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


two pairs of 8-bit bidirectional port 

one pair of 8-bit output port 

two interrupt request inputs (one of them port input) 
one interrupt request output 

CPU wait control 

serial data transfer control 


3-2. Functions 


(D Ports PAO~7 and PBO~7 сап be programmed of their data flow direction in bit unit. 


Also, it can be accessed as one location of the memory, as seen from the CPU. 


(2) Latch clock РФ can be directly given from the external source through output ports 


РС0~7. Also, it can be accessed as one location of the memory, as seen from the CPU. 


@ As there are two interrupt request inputs of IRQ and PB7, interrupt request can be 


Issued to the CPU at the rising edge of the input when the corresponding bit of the 
МУК register 15 “1”. PB7 must be in the input mode before using PB7 for the interrupt 
input. 


(4) Since there is the CPU wait control circuit, two memory enable signals can be output to 


the memory of slow access time. Besides, it has two inputs of wait conditions. Up to 8 


varieties of access time can be programmed. 


(5) It has the following functions to handle serial data transfer. 


A. Serial data transmit 


Serial data transfer takes place in a format ofa start bit, 8 bits of data, and two stop 
bits. Transmission clock is selectable by means of internal and external clock select 
program, as well as the clock rate (1/1, 1/2, 1/128, 1/256, 1/512, 1/1024, 1/2048, 
and 1/4096 of the basic clock). 

Serial data receive 

When the start bit is received in an idle state, the serial data following to it is 
received. After receiving the data comprised of 8 bits, it is then stored in the internal 
register and the interrupt request flag is set active. Receive clock is furnished from 
the external source which becomes the receiving clock by itself. It must be in 
synchronization with the serial data input. 

Pulse waveform 

It is possible to have continuous output of pulse waveform. Frequency is 
programmable to eight kinds of 1/ 1, 1/2, 1/128, 1/256, 1/512, 1/1024, 1/2048, and 
1/4096 of the basic clock. 


D. Data transfer to the audio cassette tape 
Format of data transferred to the audio cassette tape consists of a start bit, 8 bits of 
data, and two stop bits, with the modulation signal generated from the SDO 


output. 


; SXO co — 
Normal serial data transfer 1 о 0/1 1 oli 000 1 1 


soo ЙИШ 


Audio cassette data transfer 
> < DATA » STOP 


START 


sai huu: 


Assume now that normal serial data output is to be SXO, the modulation clock to 
the data | to be FX, the modulation clock to the data 0 to be FY, and audio cassette 
tape data output to be SDO, then the following equation comprises: 


SDO = SXO- FX + SXO : FY 
Whereas, FX and FY can be set independently to 1/64, 1/128, 1/256, 1/512 or 


1/1024 of the basic clock by means of programming. 
The serial transmit clock CLO can be programmed as discussed in Item A. 
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3-3. Internal structure 


3-3-1. Block diagram 


The I/O port controller consists of nine internal registers, wait controller, serial controller, 
and interrupt controller, and each of internal registers can be accessed as one location of 
the memory as seen from the CPU. 


І/О port controller system block diagram 


Ф05 сю LC 500 си sp) WAIT DME1 
[uu eque Se aS а SS (ае a ы OS EE enin gud SS apr LT om 
! 
I 
' 
| DATA al І 
| Divider 5 Е > < 1 
усо & clock BUS — w 
! > control control Serial Serial ' 
VSS1p-—> er m transmit receive WAIT | p— wo 
i 6 control control contro, i 
vss2—a — DMEO 
в 5 ' 
' ЗЕ J i 
! МЭК diste г ы С register F register L k | U T | | Eme 
! MEO 
1 
I D | r f | l 
I — I R/W 
] | X ' 
' 4 v Е I RSO 
! 4 
' Chip & F RSI 
1 Т | Tl I | П |register[f ы 
! === select [ty 533 
! control \ 
| 
f OPA PB7 OPB 
' reqister register Y 
! 
| x | i 57 DATA BUS 
i OUTPUT DDA OUTPUT k—| DDB OPC control 
! control register control register register 
! 
| 1 
— — САЛЫ елен сысы e$ RR Menkes CN | BNL s eee prod ' 
PA0—7 PB0—7 РС0-7 Рф 00-7 
VSS1—VSS2 - GND 
VCC- 4.5 + 0.5V 


3-3-2. Internal registers 
© G register (В53--0- 1001) 


67 06 65 G4 G3 02 61 GO 


— Vez? 
— —— |(01|61|060 Clock rate 
| | | E 
——————»|G3| Description ojojo 9-1 
| 0 | @- internal clock 0|01|1 | Ф = 2 
| 1 | @=external clock 011 o Ф--128 
Int [clock O|1|1 Ф +256 
* Internal cloc | n 
| Clock derived from 010 i ч 5512. 
pos | 011 ШЕ 10 
1/110 | 9--2048 
| € External clock | тт Фф +4096 
Clock derived from 
CLO 
* Every clock rate is deter- 
mined by GO~G2 


——————» (4 Description 
O |Сіоск output inhibited 
| 
1 | Clock output 


ЕТО, m | а 66 |05 | tP(precharge time) tA (access time)| 
(жі Effective only in the | | "T 
internal clock mode |09010 2.51 | nSt | 
of G3=0 0011 2.54 | 6.5% 
0,110 2.54 | 3.5t 
L |011|1| 2:51 | 25t 
111010 1.54 |  12.5t 
(11011 1.54 | 7.54 
| ЖЕШ: 1.5t 4.5t t: CPU operating 
11111 1.5t | 3.54 frequency 


The G register can read/ write data when register is selected (1001). 
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(2) MSK register 


MSK 
7 6 5 4 3 2 1 0 
x[x|x]x] ШЕ | mE 


| ———э| _ Interrupt mask bit for IRQ 
 Interrupt mask bit for PBZ ć 
Interrupt mask bit for receiver flag RD 


>| Interrupt mask bit for transmitter flag ТО | 


Interrupt enabled when the bit is "1". 


Тһе MSK register can read/ write data when register is selected (1010). 
NOTE: When the contents of the MSK register are read, the contents of CL1, SD1, PB7, and 
IRQ are stored in high order digit positions. 


1 0 


жж ccul|so1 PB7 OE MOOR REN 


Contents of MSK read 


© IF register 


IF 
7. 38: 5- 4- 3. 2. 1: 0 
хх [х х [тоо [т [5] 
<2 75 | L [Set at the rising edge of IRQ input. 
ые Set at the rising edge of PB7 input. 
Set upon completion of serial input receive. 
RD is reset when the CPU received data is 
read or the contents of the U register are read. 
>|Set upon completion of serial data 
transmission. 
Reset when the CPU load the transferring 
serial data to the L register. 


IFO and IFI can read/write data when register is selected (1011). 
RD and TD are dedicated to read only. 


NOTE: During receive of serial data, RD is reset. Term "serial data receive" means the period 
during which an 8-bit data is in reception, with the start bit excluded. 


© DDA register 


The register used to determine the direction of the port PA. 


i-th bit of the DDA register 


When 0 PAi is in the input mode. 
When 1 PAi is in the output mode and outputs the contents of ОРАг. | 


DDA can read/ write when the register is selected (1100). 
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(5) ООВ register 
The register used to determine the direction of the port РВ. 
Selection of the input/output port is the same as in the DDA register. 
DDB can read/ write data when the register is selected (1101). 


© ОРА register 


The OPA register is the buffer for input and output of data to the port PA. 

In the case of output, ОРА must be set to “17 (output mode) and the register must be 
selected (1110), then the data on the bus line is loaded intoOPAi, to be output on PAj. 
In the case of input, DDA/ must be set to *0" (input mode) which prohibits output from 
OPAi, then the contents of PA; are loaded into OPAi and the data is sent on the bus 
line. 


(7) OPB register 
The OPB register is the buffer for input and output of data to the port PB. 
It has the same function as the OPA register. 
OPB can read/ write data when the register is selected (1111). 


OPC register 
Тһе OPC register can read/ write data when the register is selected (1000). 
Also, the contents of the data bus can be latched to the OPC register at the falling edge 
of the external input clock P9. 


(9) F register 
The F register can read/ write data when the register is selected (0111). 
F0-2 determines the clock rate of the modulation clock FX and F3-5 the modulation 
clock of FY. 


ESI FS | F4 F3 | F2| F | ro) 


| = Determines the modulation clock rate of FX. 
Determines the modulation clock rate of FY. 


Clock rate 
loJolo Фф +64 | 
Y 01011 Ф--128 
Change of SDO output mode ото Ф +256 
О | Normal serial data transfer 0(|11|1 Ф +512 
1 | Modulated serial data transfer 11010 Ф +1024 


3-3-3. Pin description 


(*): See Pad layout and structure in 3-5-2. 


No.| Signal Function | No.| Signal Function 
name name 

1 PA1 Port input/output 31 RS2 Register select input 

2 PA2 Port input/output 32 RS3 Register select input 

3 PA3 Port input/output 33 R/W |Read/write input 

4 PA4 Port input/output 34 MEO |Метогу enable input 

5 PA5 Port input/output 35 ME1 Memory enable input 

6 PA6 Port input/output 36 wo Wait condition input 

7 PA7 Port input/output 37 W1 Wait condition input 

8 GND | Power source 38 GND Power source 

9 PBO Port input/output 39 VCC |Ромег source 
10 PB1 Port input/output 40 DMEO |Memory enable output 
11 PB2 Port input/output 41 DME1 |Memory enable output 
12 PB3 Port input/output 42 WAIT | Wait output 
13 PB4 Port input/output 43 INT Interrupt output 
14 PB5 Port input/output 44 | RESET | Initialize output 

15 PB6 Port input/output 45 IRQ Interrupt input 

16 PB7 Port input/output, Interrupt input 46 OS |Ваѕіс clock input 

17 РФ | Port PC latch clock 47 CL1  |Serial receive clock input 
18 PCO Port output 48 SD1 Serial receive input 

19 PC1 Port output 49 LC Not used 
20 PC2 Port output 50 CLO  jSerial rec/trn clock input/output 
21 РСЗ Port output 5: SDO Serial rec/trn input/output 
22 PC4 Port output 52 DO Data bus input/output 
23 РС5 Port output 53 D1 Data bus input/output 
24 PC6 Port output 54 D2 Data bus input/output 
25 РСТ? Port output 55 D3 Data bus input/output 
26 С50 Chip select input 56 D4 Data bus input/output 
27 С51 Chip select input 57 D5 Data bus input/output 
28 CS2 | Chip select input 58 D6 Data bus input/output 
29 RSO Register select input 59 D7 Data bus input/output 
30 RS1 Register select input 60 PAO Port input/output 
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3-4. Functions 


3-4-1. Operation 


I/O port controller operation 


С52 | CS1 | CSO | RS3 | RS2 | RS1 


RSO 


Operation 


0 1 0 


R/W | 
0 


Resets the divider internally contained in the I/O 
port chip. 


Reads the contents of the U register and sends 
them on the data bus. At the same time, the 
receive flag RD is reset. 


The contents of the data bus are converted into a 
serial data signal of start/data/stop structure. At 
the same time, the transmit flag TD is reset. 


The contents of the data bus are stored in the F 
register. 


The contents of the data bus are stored in the 
OPC register. 


The contents of the OPC register are sent on the 
data bus. 


The contents of the data bus are stored in the G 
register. 


- 


The contents of the G register аге sent on the 
data bus. 


The contents of the data bus are stored in the 
MSK register. 


The contents of the MSK register are sent on the 
data bus. 


The contents of the data bus are stored in the IF 
register. 


The contents of the IF register are sent on the data 
bus. 


E 


The contents of the data bus are stored in the 
DDA register. 


The contents of the DDA register are sent on the 
data bus. 


The contents of the data bus are stored in the 
DDB register. 


The contents of the DDB register are sent on the 
data bus. 


The contents of the data bus are stored in the 
OPA register. 


The contents of the PA; are sent on the data bus. 


The contents of the data bus are stored in the 
OPB register. 


The contents of the PBi are sent on the data bus. 


3-4-2. Wait control 


© Function 

Wait is a function applied in accessing a slow action memory. It makes the CPU 

operation temporarily halted until a complete access is done to the slow action 

memory. When the CPU makes access to the address where slow action memory is 
“1” is entered to the wait condition inputs WO and W1. WO is 
the wait condition input which 15 applied to place wait to the memory area controlled 
by MEO, while WI is the wait condition for the memory area controlled by MEI. 
When the wait condition is established, that is, when “W0: MEO--WI:MEI-I" is met, 
the WAIT signal is issued to the CPU. As the wait control counter is provided 
internally, it releases WAIT to the CPU when it is counted to the value set by the 
program, then the CPU proceeds to execute a next machine cycle. 


assigned, the condition 


AD y \ 
МЕО / \ 
w __/ lb. 
WAIT \ 
a increments counter ———————» WAIT released 
DMEO / \ 
<-іІР->< (А > 


Since a slow access memory usually consists of dynamic logic, it needs а precharge time 
(tp). Thus, the I/O port controller issues the memory enable signals DM EO and 
DME! to the dynamic memory, including the precharge time. DMEO is for MEO 
and DME! is for MEI. 

When the CPU accesses the I/O port controller, the signal WAIT is issued without 
the wait condition in WO and Wl. 


@ Wait time 


Wait time can be programmed by means of bit positions of 65, 6 and 7 of the G 
register. Relation of G5, 6.7 with tA and ІР refer to page 70. 


15 
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Q) Май time of I/O port controller itself 
When the CPU accesses the I/ O port controller, wait of a single CPU machine cycle is 
automatically applied. 
If the WO and WI is in the wait state when the CPU accessed the I/O port controller, 
wait ends in one cycle. 


NOTE: When there is no wait condition in WO and W1, the same waveform as MEO and ME1 
are sent on DMEO and DME1. 


< 1 | i 
I l ' 
I 
d EMO В PLP ИШ ыш ы gum 
' 1 Н ' "E 
1! ' Ж! 
T + + 
Ар i ' um E 
І | I |! 
' ' 
1 Ш I 
| ! T ' 
ME0/1 К (5 B - 
> < —! I< (р ә! < 15 
I 1 ІШ 
bí! tAp ' r | 
МЕОИ —— — io 
іс ' 1! 11 
Eg pd Fa 
bg [ar i 
Di — 1 ( га -— 
i | I i „Тү 
| 
' ue dp —i«- tA > 
[ ' I [ 
' ' I 
“------>< > 
| ІР h tA | 
' i [ 
! Actual І Actual | 
l precharge time ! access time 


tp’ and ta’ for actual КОМ is as follows: 

tP — {АР 4 tP t tD 

tA" = tA — tD — tS 

ts = 200nS 
Since (АР and tD differ depending on the peripheral circuit configuration, they should 
be computed on the basis of load capacitance. 


3-4-3. Serial data input 


SDI is a serial data transfer input and CL I serial data transfer clock. 


si X X X 


derit ЭОЕ кара ee ИЕ 


The ЏО port controller reads ће f 


input data at the rising edge of CLI. 


Serial data goes into the receiving 
mode when it changes from an idle 


state (SDI=1) to low state and reads 


data from a next clock. 


When the 8-bit data 15 received, it sets the receive and flag RD active. If the mask bit is onat 
this point, interrupt request is issued to the CPU. RD will be reset upon reading the 8-bit 
data. 

RD will be reset in a course of serial data receiving, which is the period that the 8-bit data is 
being received, without including the start bit. 


иаи аара ЫЛ АЛЫ ШЕ ГДЕ 


SDI (0Х1Х2Х3Х4Х5Х6Х7; 


In serial 
receive 


22А. J е 


^ Reset as it went Reset as the 
into serial data CPU read the 
receive. serial data. 


RD 


3-4-4. Reset 


When the RESET line is kept in “1” at least for three ®OS clock cycles, it causes internal 
reset, by which all internal registers are cleared to "0" and ports PA and PB go into the 
input mode. The divider, however, will not be reset. 

Terminal states after the reset are as shown in Table below. 


Pin name In/Out State after reset 
DO~D7 In/Out High impedance 
PAO~PA7 й y {| 
PBO~PB7 
PCO~PC7 Out | Low level 
WAIT ” (МОТЕ) 
DMEO И Ú 
DME1 ” " 
INT | E Low level 
500 In/Out High level 
L CL0 i Low level _| 


NOTE: WAIT, DMEO, and ОМЕ1 are output dependent of WO, MEO, W1, апа МЕ1 and do not 
have any connection with reset. 


Ti 


3-5. Specification 


3-5-1. І/О port controller input/output circuits 
© Input 


Applicable terminals ; RESET, РФ, R/W, RS0—3, CSO, CSI, CS2, MEO, ME7, 
WO, W1, CL1, 501, Ф05, IRQ 


(2) Input/output 


Vcc 


E 


— Output high impedance 
control signal 


O +—— Output 


signal 


AT 
Applicable terminals ; РА0--7, РВ0--7, 00--7, 500, CLO 


(3) Output 
Vcc 
Applicable terminals ; WAIT, DMEO, DME1 
(0) Output 


Vcc 


Applicable terminal ; INT 
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3-5-2. Pad layout and structure 


-- 


LH5810 or LH5811 
(TOP VIEW) 


3-5-3. Electrical characteristics 


(7) Absolute maximum ratings 


Parameter Symbol Limits Unit 
Input apply voltage (71) ЕТ -0.3 to 6.5 V 
Input apply voltage (^2) y" |. —03 to Vcc +03 V | 
Operating temperature Topr —5 to +55 °C 
Storage temperature Tstg —55 to +150 °C 

51: Applicable їо Vcc and with respect to GND. 
*2: Applicable to other than Усс, GND, and with respect to GND. 
@ Operating condition 
Parameter Symbol Limits | Unit 
Supply voltage Vcc 4.0 to 5.0 | V 
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(3) Electrical characteristics 


(3) - 1 - DC characteristics 


Ta=—5~55C 
Vec=4.0~5.0V 
Р t Symbol amt Unit Test diti Not 
est condition ote 
arameter ymbo Min Typ Мах пі 
Vi. 0 0.8 V 
Input voltage 1 
Үн 2.4 Vcc V 
Vout 0.4 V lo. 1.6mA 
Output voltage 1 2 
Von 2.4 V Іон--0.4тА 
Output voltage 2 Vou? 145 V lo.1.5mA 3 
Output leakage current По! 1.0 uA 4 
Input current Іш 1.0 uA Vin=OV or Vcc 5 
Normal power | Icca | 0.4 0.9 тА Ф05--2МН2 6 i 
dissipation Iccb 5 uA Ф05--Оу 7 
NOTES: For Note number, refer to the list below. 
"No. 7 Е Applicable terminals | 
1 PAO~7, PBO~7, 00-7, R/W, В50--3, CSO, CS1, CS2, MEO, МЕТ, WO, W1, SD1, 
CL1, OS, SDO, CLO, IRQ, RESET. 
2 PAO~7, PBO~7, PCO~7, DO~7, DMEO, DME1, WAIT, CLO, INT 
3 PAO~7, CLO, SDO. 
4 All input terminals. 
5 All output terminals. 
The term "normal" applies to the reset state that the I/O port controller is not 
selected and the 2MHz clock should be supplied through the ®OS pin. The 
6 following input terminals should be connected to OV except CS2. 
РА0~7, PBO~7, DO~7, CSO, CS1, CS2=Vcc, R/W, RSO~3, РФ, MEO, МЕ1, 
WO, W1, CL1, SD1, IRQ. 
7 Applied to the state that no clock is supplied to the OS terminal in the normal 
| condition. 


(3) - 2 - АС characteristics 
(Та--5 to 55°С, Vcc—4.0 to 5.0V) 


Т 
Parameter Symbol 1R Unit Test condition 
|. Міп Тур Мах 
С50, CS1, С52, to 230 ns 
RSO~3 Ё " 80 RS 
MEO, МЕ1 | tp 240 ns 
tr 80 175 ns 
twm 250 ns 
WAIT tws 150 ns C.=50pF 
twr 50 200 ns 
DO~7 (input to 500 ns 
mode) tr 130 ns 
ü tzo 100 ns Von =0.8 Үсс 
tzr | 300 ns 
DO~7 (output ts 200 ns 
mode) tr 50 hs 
tzm 150 ns 
tzr 100 ns 
R/W to -30 50 ns Vou —0.8Vcc 
tr 150 ns 
ФО5 {вс 500 ns 
t 150 ns 0.1—0.9Vcc | 
| tr 40 ns 0.9—0.1Vcc 
PAO~7, PBO~7 tor 1 us C.=100pF 
(output mode) : 
PCO~7 (register ton 1 D C.—100pF 
select) 
РФ to | 350 ns Vor=0.8 Vcc 
tr 100 ns 
PCO-7 (РФ top 1 us C.—100pF 
latch) 221 
SDO (input ts 100 ns 
257) tu 50 ns 
SDO (output to 100 ns C.—100pF 
mode) 
DMEO to 120 ns C.=50pF 
DME1 tr 120 ns 
SD0 tz 200 ns C.=100pF 
CLO tr 100 ns 0.1—0.9Vcc 
ja C.—50pF 
t 100 ns 0.9--0.1 Vcc 
C.=50pF 


(Ж): Unless otherwise specified, the criterion shall be Уон--2.0У, Vo=0.4V 
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(3) - 3 - Timings 


oS 
CS0,CS1,CS2 
RSO~3 

MEO 


WAIT 


Write mode 


ah 
о 

© => 
E: z 


l tzo й li 


СОС: s 
AMSS ALLLLL LL LLL L/ 


R/W I 

| 

Read mode | I | 
| 


PAOS BOSE ж е — ! 
(Output mode) X 


РС0--7 
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E 


(input mode) 


500 
(output mode) 


With 


external 
weight 
$ | 
DMEO 5 ! 
DME1 
-> tr = 
1 I 
au we к пила шн кал 
w1 
I 
| 
Without MEI = | » € 
external = : i 
I I 
weight WAIT i 
I | І 
I 
DMEO ! 
ОМЕТ | 
| 
L 
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РС-1500 hardware description 


4-1. РС-1500 system configuration 
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4-1-1. Outline 


Around the PC-1500 Pocket Computer, the PC-1500 system can be configured with a 
variety of peripherals, which include the CE-150 Color Graphic Printer, CE-151 4KB 
Memory Module, CE-152 Cassette Tape Recorder, CE-153 Software Board, CE-154 
System Carrying Case, CE-155 8KB Memory Module, CE-158 Serial and Parallel 
Interface, and CE-159 Program Module. 
© PC-1500 Pocket Computer 
It is a pocket computer that features high speed processing with the CMOS 8-bit 
microprocessor in use, and it has memories of 16KB ROM and 3.5KB RAM on 
standard. It also permits expansion by the use of options. 
Four pieces of Type AA dry batteries are used for its power source and the 7 X 156 dot 
LCD is used for the display. 
(2) CE-150 Color Graphic Printer 
It is a ball-point pen type four color printing X-Y plotter. It has SKB ROM for the 
memory and is driven by five pieces of Type AA Ni-Cd batteries. It also has the cassette 
interface built in the unit. 
@ CE-151 4KB Memory Module 
It is a 4KB option memory unit in which two chips of 2KB RAM are contained. 
®© CE-152 Cassette Tape Recorder 
It is a cassette tape recorder dedicated for use with the PC-1500 system. It is driven by 
four pieces of Type AA dry batteries. 
(5) CE-153 Software Board 
It has 140 keys arranged on the keyboard and each key assignment is defined by means 
of programming. As it does not have power supply by itself, it issupplied from the PC- 
1500. 
© CE-154 System Carrying Case 
The carrying case exclusively designed for carrying of the PC-1500, CE-150, CE-152, 
СЕ-153. 
(7) CE-155 8KB Memory Module 
It is an 8КВ option memory unit in which four chips of 2KB RAM are contained. 
CE-158 Serial and Parallel Interface 
It has the RS-232C serial interface and the Centronics parallel interface with the built- 
in 16КВ ROM. It is driven by four pieces of Type AA Ni-Cd batteries. It will be 
possible to interface with a normal type printer, computer, instrument, etc. 
(9) CE-159 Program Module 
It is a detachable memory module that consists of four chips of 2K B RAM, of which 
area can be partially orentirely used for the read only area. The contents of the memory 
сап be retained by means of the internal lithium battery even if it was detached from the 
PC-1500. 


4-1-2. Block diagram 


Pocket Computer Н5-232С 
РС-1500 Software Board & Parallel 
CE-153 Interface 
CE-158 
Program 
(еее Cassette Ferme 
' plication 
CE159 Tape Recorder Program 
Color Graphic Printer CE-152 Tape 
CE-150 k— 
CE-153 
Cassette Operating 
System 
Tape Recorder Program Tape 
CE-152 


4-1-3. Power supplies 
(PC-1500, CE-150, CE-158, CE-159) 


(7) РС-1500 and its peripheral units (CE-150, СЕ-158, CE-159) are driven independently 
by dry battery, Ni-Cd battery, or lithium battery. 

When the PC-1500 is connected with peripheral, RAM, ROM, I/O PC, CMT I/F, 
and UART are driven by VCC or VGG supplied from the PC-1500. 

(2) When the Ni-Cd battery of the CE-150 is charged capable to drive the PC-1500, power 
is supplied from the CE-150 to the PC-1500 and therefore the battery of the PC-1500 
does not consume. In addition, it drives the driver of the printer and remote control 
relays. 

@ The Ni-Cd battery of the CE-158 drives the driver and receiver of the RS-232C serial 
interface and the Centronics parallel interface. 

®© When the CE-159 is in connection with the PC-1500, it is operated by VGG of the PC- 
1500, and its memory contents can be retained by the internal lithium battery when 
disconnected from the PC-1500. 
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РС-1500 СЕ-150 


шіге 
DRIVER EA-150 
E REMOTE 3 

CIRCUIT 
a LOW BATT B 


CIRCUIT 
VP 


LOW BATT 
CIRCUIT 
DC/DC 
CONVERTER 


LINE 
DRIVER 


оғғ-->|<----0М---->|<---Оғғ 


Е-Е 


NOTE: VGG is always output. 


4-2. РС-1500 
4-2-1. Outline 


@ CPU 
Тһе 1,Н5801 CMOS 8-bit Microprocessor is used. As it is operated by the clock 
frequency of 2.6M Hz from the crystal oscillator, its internal machine cycle is 1.3M Hz. 


BED. esses Depression of the key turns it to high level so that VCC is 
supplied from BFO. 
INO~IN7 ...... Input port for other than the key. 
DOM DT ib ss Bidirectional data bus which is used to write and read data to/from 
the external memory. 
D0: LSB 
D7: MSB 
ADO~ADI5....Address bus. 
Аро: LSB 
АП15: MSB 
XLO ХІ, кз куз External crystal connection terminals, through which the 2.6MHz 
crystal is connected. 
XLO: Input 
XLI: Output 
@ VO PC 
Either LH5810 or LH5811 is used. The same chip is used for I/O of CE-150, CE-153, 
and CE-158. 
PAO~PA7 ..... Key strobe output 
РВТ» o ees (ox) key input 


Ар0^~3, AD12~13, DMEI 
Vb Address of I/O port is set, within F000H to FOOFH of the MEI area. 
(3) Timer ІС 
uPD 1990AC is used and connected with the 32.768k Hz crystal. 
@ Chip select decoder 
It consists of two chips of TC40H 139F and TC40H 138F and it is used to select chip by 
means of S074, 56, S7, 2Y2 and 2Y3. For more details, refer to “Chip select circuit”. 
© Display chip 
Because 4-bit SC882G is used, chip | is used in pair with chip 3 and chip 2 with chip 4. 
Select signal is commonly used by chip І and chip 3 or chip 2 and chip 4. Data bus is 
therefore divided into DO~D3 апа D4~ D7 in order to handle compatible with the 8- 
bit RAM. 
Address is within 7600H to 77FFH of the MEO area and is used for the fixed variable 
area, in addition to the display buffer. 
(6 System ROM 
It is the PC-1500 system program residing ROM for which the 8-bit X 16K SC61328F 
is used. Address is within CO00H to FFFFH of the MEO area. 
(7) System RAM 
Because the 4-bit X 1K bytes TC5514 is used ina pair, the data bus is divided into two of 
D0^D3 and D4~D7 and the select signal S7 is commonly shared so as to be 
compatible with the 8-bit RAM. 
Address is within 7800H to 7BFFH of the MEO area which is used for the system 
memory area and for the fixed variable area. 
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User RAM 
It is the user RAM for which 8-bit X 2K B HM61 16 is used. Address selected by SO is 
within 4000H to 47FFH. 
($) 40-pin connector 
It is the connector used for the connection of one of optional memory modules and 
program module, on which provided signal terminals for address bus, data bus, and 
chip select. 
60-pin connector 
It is the connector used for the connection of optional printer and interface, on which 
provided signal terminals of address bus and data bus for the control of peripherals. 
@ LCD 
The 7X 156 dot LF8082GE multi-display is used. 


4-2-2. Block diagram 


Connector 40Pin 


OPi 


Conector 
60Pin 


LCD(LF8082GE) 


N 
I 
x 
о 
© 
br 
N 
о 


System 
ROM 
C61328F 


6 


S 
Counter 
Timer 


o 
< 
e 
Ф 
о 
о 
9 


1/0 PORT 


DATA BUS 
ОМЕТ 


ADDRESS BUS 


Chip select Decoder 
LH5801 


ADO~15 DO~7 


XLO 
х1 


Кеу Маїпх 


4-2-3. 


Chip select circuit 


SELECT 


ENABLE 


ТС40Н138 internal logic 


TC40H139 circuit 
у circuit 


8 ра YO 

Y 

A Y2 
G Y3 


50 To RAM3(TC5517AF) 


| To Module Unit 


To 1/0 Port 


To Display chip 1, 3 


To Display chip 2, 4 


æ To RAM 1, 2(TC5514P) 
[zt 


— ——» To Module Unit 


То 1/0 PORT (LH5811) 
To ROM(CS613128F) 


>» To Moudule Unit 


Truth table 
Б “ат [7 ч БЕ 
OUTPUT 
ENABLE SELECT | o o oU У BN 
| 01 [G2A[G28| 8 c | vo [ v1 | v2 | v3 | va | v | w | v7 
L LJ EH » ж H H H Ë H H H H H 
* |H нінінінінінінін 
* ul H | ж Ho H H H | H H | H | H| 
H| L о | інінінінінінін 
Hii [nn] i а Гн а н ннн нне 
но он н н | н [н н н |H 
нн н н ҥнҥ а [нн н [^ 
H L ! L L H H 5 Нн. H H L JB H H 
н [н Гн |н|н|нінінісіндін 
ii 2.30) + —— — 
H L L l H H H H H H г) H |t H | 
нн н Сн н Гн н н [a[n 
3 :Dont care 
Truth table 
INPUT 
D OUTPUT 
ENABLE SELECT 
G|^|]sBj|]vo|nj|v]|vw 
H ж ж H H H H 
L L L L H H H 
L H L H L H H 
L L H H H L H 
L H H H H H L 


Ж =Irrelevant 
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ө 1Y0-1Y3 is selected by the decoder ІС (TC40H139F) when the gate signal 


input BFO (1G) is low. 


YO es. With low state of ADI4 and ADIS, the YO output goes low so as to select the 

(1Y0) user memory area of the module unit. (Address assignment of 
0000H~3FFFH) 

Xd sess With high state of AD 14 and lowstate of ADIS, the ҮІ output goes low so as 

(1Y1) to select the gate (G2A) of the IC (TC40H138F). (Address assignment of 
4000H~7FFFH) 

БОЛ талық With low state of ADI4and high state of ADIS, the Y2 output goes low so as 

(1Y2) to select the optional ROM area of the module unit. (Address assignment of 
8000H~BFFFH) 

Үз саз» With high state of ADI4 and ADIS, the ҮЗ output goes low so as to select 


(1Y3) the system program ROM (SC61328F) and the I/O port (LHS5811 or 
LH5810). (Address assignment of COOOH~FFFFH) 

S0- S7 is selected by the decoder IC (TC40H138F) when the gate signal input 

MEO (G1) is high, Y1 (G2A) low, and G2B is low (normally low). 


80: With all of ADI I, ADI2 and AD13 in low state, the SO output goes low so as 

(YO) to select the user RAM (HM6116). (Address assignment of 4000H ~47ЕЕН) 

Slo With high state of ADII and low state of ADI2 and АПІЗ, the SI output 

(ҮТ) goes low so as to select the optional user RAM area. (Address assignment of 
4800H~4FFFH) 

5253252. With low state of ADII and ADI3 and high state of ADI2, the S2 output 

(Y2) goes low so as to select the optional user RAM area. (Address assignment of 
5000H^57FFH) 

СРР With low state of ADII ала ADI2 and high state of ADI3, the S3 output 

(Y3) goes low so as to select the user RAM area. (Address assignment of 
5800H^ 5FFFH) 

ЭД With high state of ADII and AD13 and low state of ADI2, the 54 output 

(Ү4) goes low so as to select the user RAM area. (Address assignment of 
6000H~67FFH) 

Sosa etes Do not use. 

бааа With low state of ADII and high state of ADI2 and ADI3, the S6 output 


(Y6) goes low so as to receive on the I/O port the data from the display chip RAM 
or interrupt input from the option. (Address assignment of 7000H~77FFH) 


Sd eese With all of ADII, ADI2, and ADI3 in high state, the S7 output goes low so 
(Y7) as to select the system RAM (TC5514) (Address assignment of 
7800H~7FFFH) 


2Y2, 2Y3 is selected by the decoder IC (TC40H139) when the 2G gate becomes 

effective after the selection (low state) of the TC40H138F output S6 (Y6). 

Моли With low state of AD8 and high state of DMEO, the 2Y2 output goes low and 

(2Ү2) makes the NAND gate output V2 high so as to select display chip 1 and 
3.(Address assignment of 7600H^ 76FFH) 

Үз, iin With high state of AD8 and DMEO, the 2Y3 output goes low and makes the 

(2Y3) NAND gate output V3 high so as to select display chip 2 and 4. (Address 
assignment of 7700H ^ 77FFH) 


Chip select signal 


0000H 
YO 
AL OPTION USER MEMORY 
(1Ү0) 
3FFFH 
50 4000H 
25 STANDARD USER MEMORY 
(YO) 47FFH 
S] 4800H 
(Y1) 4FFFH 
52 5000H 
(Y2) 57FFH 
S3 5800H 
Hs OPTION USER MEMORY 
(Y3) БЕГЕН 
54 6000Н 
(Y4) 67FFH 
МІ - — 
205 55 6800H 
(1Y1) Ey 
(Y5) 6FFFH 
7000H 
INHIBITED 
75FFH 
S6 — == == 
= v2 7600H 
(Y6) BEN 
(2Y2) 76FFH 
ГЕ 7700Н STANDARD USER AND 
(2Y2) 77FFH SYSTEM MEMORY 
S7 7800H 
(Y7) 7FFFH INHIBITED 
8000H CE-150 
SYSTEM PROGRAM, I/O PC 
CE-153 
Y2 1/0 PC 
(172) СЕ-158 
SYSTEM PROGRAM 
8FFFH 
= T 
C000H PC-1500 
SYSTEM PROGRAM 
МО PC 
CE-158 
үз МО PC 
PAR UART 
(ТҮЗ) 
FFFFH 


NOTE: SO~S7, V2, and 
V3 are applicable only 


for MEO area. 
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4-2-4. PC-1500 system memory тар 


Q) In the MEO area is contained such as the system program and user RAM area and the 
MEI is used for such as I/O port. 
Memory bank is assigned by PV and PV for the MEO area of 8000H thru BFFFH, and 
PU and PU are used to assign the PV area of 8000H thru 9FFFH. Address 0000H thru 
ТЕГЕН is used for the user area and 8000H thru FFFFH for the system area. 
The system area is used by the mnemonic programming system by which the CPU, I/O 
PC, etc. are controlled, and the user area is used to store the program written in 
BASIC, mnemonic programming language, and data. 
With the PC-1500, MEO memory area 4000H thru 47FFH and 7600H thru 7BFFH are 
used for the user memory and C000H thru FFFFH for the system program. 
When the CE-150 or CE-158 is connected, the system program, I/O port, and RAM 
are arranged as shown in the next page. 

(2) Upon power on to the PC-1500, initialization starts for peripheral units according to 
the system program residing in the system area, and the user area ROM and RAM are 
checked, then it becomes ready for a key entry. 


MEMORY МАР 


І 


4 


0000H 


2000H 


3800H 
* 


4000H 


CE-160 


СЕ-159 (ROM/RAM) 8KB 


USER AREA 


4800H 


7600H 
P ЭЭЗЭЛОЭВЗЗЗУВУЗЭЭРУЗВВ, 


i Шы 


AOOOH | 


SYSTEM AREA 


í FFFFH 


5800H 


COO0H | 


СЕ-151 (RAM) 4KB 


NOT USED 


STANDARD USERS "Mr MEMORY 
.5KB 


СЕ-158 
SYSTEM PROGRAM 
NOT USED (ROM) 
, 16KB 


СЕ-150 
SYSTEM PROGRAM 
(ROM) 
8KB 


NOT USED 


РС-1500 


(КОМ) 
16КВ 


STANDARD USER MEMORY (RAM) 2KB 


_ 


NOT USED 


CE-153 I/C PC 16B- — 


E 


NOT USED 


CE-150 l/O PC 16B 


NOT USED 


ж 


Мот USED 


NOT USED 


.|8000H 
800FH 


B000H 
.BOOFH 


| BFFFH 


- |D000H 


. D3FFH 


SYSTEM PROGRAM ЖИЫН 


DFFFH 


iw: 


V —— py э» PV ——+ 


= MEO SSE 


O PC 16B 


- PC- um 7 FOOOH 
FOOFH. 
FFFFH 


€ Area reserved for option will become unused, in case the respective option is not 
connected. 


€ Refer to "Memory map II and III" for 


* 


@ PV and PU are bank select signals. 
e Shadowed area can not be used. 
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MEMORY MAP П 
MEMORY MAP when the CE-155 is used. 


| D204H 


D3FFH 


mne 
СС 


3000H 
3800H CE-155 (RAM) 2KB H 
4000H _ STANDARD USER MEMORY (RAM) 2KB 
DT 1 — 8KB IN TOTAL 
4800H 

СЕ-155 

(ВАМ) 6КВ 
БЕРЕН ` = 

NOT USED 
6800H — 
k MEO М 
MEMORY МАРШ 

. D000H 58 1/0 P 


225, 


MEMORY МАР IV 


7600H~76FFH 
HIGH| 
0123456789ABCDEF 
LOW rete ы. 
0 
2 
4 
6 | DISPLAY |E/FIG]H}1/J/K/LIMN|O 
8| BUFFER $$ $$ $$$ $$$ $ 
A 
C 
E 
7800H~78FFH 
HIGH 
0123456789ABCDEF 
IO ANN Ж 
0 
2 
4 
6 | SYSTEM SYSTEM AB C D 
8 | STACK MEMORY $$$ $ 
A 
С 
Е 


STANDARD USER & SYSTEM MEMORY (RAM) 1.5КВ 


7700H~77FFH 
HIGH I BS 
0123456789 A B C D: E F 
LOW Е 
0 
2 
4 | 
6 DISPLAY P OR S TU VWKXY Z 
8 | BUFFER 9%99%49%9%9%9%9%9%9%9%9% 
A 
C 
Е | | | 
7900H~79FFH 
\HIGH] is 
0123456789ABCDEF 
LWN эл = CONDICIONES 
0 
HIER 
6 [SYSTEM 
8 MEMORY 
A 
C BIDIFHIJJILINIPIRTVIXZ 
E NEN 


7A00H—7AFFH 7В00Н--7ВҒЕН 
ШӨН | ) HIGH | u Е I — 
012345678 9ABCDEF 0123456789ABCDEF 
ШЫ, ыты қолмен LOW i 
0 0 
2 оз ds 
Y VIS e 
4 |” els 
m 
6 Е BASIC STACK 6 || STRING OUTPUT INPUT 
° 8 £ BUFFER BUFFER BUFFER 
A A | 
о 
АШ ae 
E. E 


€ A~Z (7900H ^ 79CFH) are fixed numerical variables. 
€ A$— ZŠ are fixed character variables. 


e The arithmetic registers X, Y, V, S, Z, U and W (7A00H —7A37H) are different from 


fixed numerical variables. 


e BASIC stack includes stacks for FOR—NEXT, GOSUB, DATA, FUNCTION. 


ө See the next page for details of the display buffer. 
ә For system memory, refer to MEMORY MAP VII. 


MEMORY MAPV 


І/О port 
|ғы | eese | cete | сета 
Do not use F000H B000H 8000H рооон 
Do saris I " H BOOTH pm po 
Do not use i F002H B002H 8002H ооо2н 
Оо пої иѕе FOO3H BOO3H 8003H он 
Divider rese o FO04H  BOO4H 8004H baoak 
U register output m FODSH BOOSH Ё 8005H DOOSH 
Serial transfer mE FOGH B006H 8006H роон 
I ки to F ene коон BOOTH 8007H орон 
Port C input/output Е "— хан 8008H оов 
а е input/output F009H B009H 8009H ECT 
MSK Tm — Ut FOOAH BODAN BAH p" 
IF register input/output | FOOBH | BOOBH 800BH p 

E ЕРТ) port д I/O direction FOOCH ac nm" "M 

Specify port B I/O direction FOODH тең вооон E 
Pad nsns FOOEH BOOEH 800EH ЕС" 
mum ет — 800FH DOOFH 
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Memory map VI 
Display buffer 

Since there are 7 X 156 dots with 14 additional dots of symbols (DEF, I, PRO, etc.), each 
dot is allocated with a corresponding bit of the memory in order to control activation of 


dots. Address is represented by the hexadecimal notation and “H” is used to represent high 


state and "L" to represent low state of segment drive signals. 


LCD 
0 1] 2. 38 Ae 5 150 159 159 (15 155 
Co 22) (92) N (90) [02] 
(92) e» (92) wn [#2] [#2] = | = ра рах — pas 
wors| |2 |R B/E B B 2/8 2 z š 8 
(92) [ЄР] N (90) N (op) 
wos 28/298 = 8 ë š š š 
T + |T тісі mr | == l = 
760— 761 762— 763— 764— 
HIGH ORDER | LOW ORDER | HIGH ORDER | LOW ORDER | HIGH ORDER | LOW ORDER | HIGH ORDER | LOW ORDER | HIGH ORDER | LOW ORDER 
4BITS — |4BITS — |4BITS 4BITS — 4BITS 4 BITS 4BITS — 4815 48ITS |4815 | 
0 S79L SIL S87L S9L S95L 5171 51031 5251 51111 5311 
1 579Н S1H S87H S9H 595Н S17H 5103Н 525Н S111H S31H 
= À ЖТ. Ж. Ж Ж B Ж ж ГЗ 
2 5801 521 
3 S80H S2H 
4 81 3 
5 81 3 
6 82 4 
7 82 4 
8 83 5 
9 83 5 
A 84 6 
B 84 6 
C 85 7 
D 85 7 
EES oes Ж. РОКС. 2 " b d l Y 
E S86L S8L S94L S16L 51021 S24L 
F S86H S8H S94H S16H S102H 524Н 
ADDRESS HIGH ORDER 4 BITS LOW ORDER 4 BITS 
764EH DEF I Hl Ш SMALL | SML SHIFT BUSY 
764FH NOT USED RUN PRO | RESERIE NOT увер, RAD G DE 


770 771 772 773 7 
HIGH ORDER | — LOW ORDER HIGH ORDER LOW ORDER | HIGHORDER | LOW ORDER HIGH ORDER | — LOW ORDER HIGH ORDER | LOW ORDER 
4 BITS | aens — ШЕГІН 4815 _ 4 BITS 4 BITS ABITS — | 4819 4 BITS 4815 
0 51181 5401 | 5126 5481 51341. 5561 51421 | 5641 51501. | 5724 | 
1 S118H | S40H 5126Н S48H 5) 5134Н 556Н S142H S64H 5150Н 572Н 
г” 2 7 T А C £ | — ж —* ] + Ж a | 
| 3 kr T! l1 | 
Å- 4 — - 
5 А — | 
ІШ 6 | | 
5 
— PEN z са (ерен! (Жыл, ЕЕ — ЕНЕ 
8 — ——I.O.Ü — 
| 9 е ttj! _ | | 
А BE mM Lon 48 
= В =н ж v | 
К 51561. . S78L 
š D * wf Y ж. ж 27. S156H - S78H | 
E S125L S47L | 51331 5551 | 51411 | 5631. 51491 | 571 NOT USED 
ME S125H | S47H |: 5133Н | 555Н .Si4lH. S63H S149H | S7lH. _ | 


Memory Мар VII 


MEMORY SYSTEM DETAIL 
78ХХ 


7 8 9 A в. 


0 m» ГР | POINTER ADDRESS H TOPH 

E x мт cont МІ E NN 

sg ап си ^ Á— ,» ОЮ "" 

y й WAIT CL E ag С Кои БЕСТЕН 
1 an N | ОЛЕ ШИШЕ И 
с Wy Z USING M |йзън | TOP 
ДМС" Mots, | Yor 
S Б E 
122 2 ЗИС 

А я Сб ш" ше 
РОЙ RMI/BEEP WA ERN ҮЗЕ ai 


Г 55 _| TOP H__ 

SURFEN BREAK ON ERROR 

5 _ === н TRACE LINE L ADDRESS L — |TOPL | 
TRACE CURRENT BREAK DATA 

n 7 CURSOR Н CONDITION — | TOP H LINE H = | POINTER H 
OUTPUT BUFFER | CURRENT | BREAK DATA 

WU), CURSOR L | ромтЕв — | TOP L LINE L | POINTER L 


| D E | F 0 
ТЕХТ (^ 


COUNTER HL . = E 


B | 

а г : 

[= f Аба a DN. Г 

E f SCISSORING | . " 


"B = 
Er 


“КТ Z Tm 


eie 
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Address Name Function 

786BH RMT/BEEP Remote and beep on/off pointer 

7871H WAIT Y/N WAIT(0), WAITO(3), WAIT1(2) 

7872H WAIT COUNTER H WAIT counter 

7873H WAIT COUNTER L 

7874H CURSOR ENABLE (01H) if used. (00H) if not. 

7875H | CURSOR POINTER Cursor pointer (0~155) 

787DH BLINK CHARACTER Character code to be blinked. > 
| 787EH BLINK CURSOR H Blinking cursor position (address of the display buffer) 

787FH BLINK CURSOR L 

788DH TRACE Trace on/off pointer 

788EH TRACE CONDITION Status when trace on. ШЕ 

788ЕН OUTPUT BUFFER POINTER Output buffer pointer 

7890H | FOR POINTER FOR-NEXT stack pointer 

7891H GOSUB POINTER GOSUB pointer 

7894H STRING BUFFER POINTER String buffer pointer 

7895H USING F/F Using format (presence of decimal point, comma, ес) | 
| 7896H USING M Integer part of Using 

7897H USING & Using of character string 

7898H | USING m Decimal part of Using 

7899H VARIABLE POINTER H Variable pointer 

789AH VARIABLE POINTER L 

789BH ERL Error number when occurred. 

789CH CURRENT LINE H Current line number 

— та 

789DH CURRENT LINE L 

789EH CURRENT TOP H Leading address of program of the current line 
| 789FH | CURRENT TOP L 

78A0H PREVIOUS ADDRESS H Address of immediately preceding line 

78A1H PREVIOUS ADDRESS L 

78A2H | PREVIOUS LINE H Line number immediately preceding 

78A3H PREVIOUS LINE L 

78A4H PREVIOUS TOP H Leading address of program of the line immediately 

78A5H PREVIOUS TOP L preceding 
| T8A6H SEARCH ADDRESS H Address of the line found during search 

78А7Н SEARCH ADDRESS L 

78A8H SEARCH LINE H Line number found after search 

78A9H SEARCH LINE L 

78AAH | SEARCH TOP H Leading address of the searched program block 

78ABH SEARCH TOPL 

78ACH BREAK ADDRESS H Address of breakpoint 

78ADH BREAK ADDRESS L 

78AEH |BREAKLINEH ` Address of breakpoint line number 

78AFH BREAK LINE L 

78B0H | BREAK TOP H Top address of the program block to which break is 

78B1H | BREAK TOP L applied. 

78B2H ERROR ADDRESS H Address where error is met. 

78B3H | ERROR ADDRESS L 

78B4H T ERROR LINE H Line number where error is met. 

78B5H ERROR LINE L 


Address Name . Function 
78B6H ERROR TOP H Leading address of the program block in which error is 
78B7H ERROR TOP L met. 
78B8H ON ERROR ADDRESS H Address to which program jumps when an error is met. 
78В9Н ОМ ERROR ADDRESS L 
| T8BAH ON ERROR LINE H Line number to which program jumps when an error is 
78BBH ON ERROR LINE L met. 
78BCH ON ERROR TOP H Leading address of program block in which an error is 
78BDH ON ERROR TOP L met. 
78BEH DATA POINTER H Pointer for data statement 
78BFH DATA POINTER L 
79D1H OPN DV Peripheral device select EM 
79E0H USER COUNTER XH Counter by which X-coordinates of the pen are 
79E1H USER COUNTER XL indicated. 
79E2H USER COUNTER YH Counter by which Y-coordinates of the pen are 
79E3H USER COUNTER YL indicated. 
79E4H SCISSORING COUNTER YH Y-direction scissoring counter 
79Е5Н SCISSORING COUNTER YL 
79E6H ABSOLUTE POSITION X X-direction absolute point counter 
78E7H SCISSORING COUNTER XL X-direction scissoring counter 
79E8H SCISSORING COUNTER XH 
79EAH LINE TYPE Kind of line 
79EBH DOT LINE COUNTER Dot line counter 
79ECH UP/DOWN Pen up/down position select N 
79EDH X MOTOR HOLD COUNTER X motor hold counter | 
79EEH PORT C Indicates current motor phase. 
79EFH Y MOTOR HOLD COUNTER Y motor hold counter 
| 79FOH GRAPH/TEXT Printer mode select (graph=255, text=0) 
79F2H ROTATE Printing direction select 
79F3H COLOR Color select 
| 79Е4Н CSIZE Printing character size select 
jot Se 
79FFH LOCK Lock/unlock select 
7B00H RND NUMBER Random number 1 
7В01Н ВМО МОМВЕН 
7B02H RND NUMBER m 
7В03Н RND NUMBER 
7B04H RND NUMBER 
7B05H RND NUMBER 
| 7B06H RND NUMBER 
7B07H RND NUMBER 
7BOAH AUTO P-OFF COUNTER U Auto power off counter 
7BOBH AUTO P-OFF COUNTER M 
| твосн AUTO P-OFF COUNTER L 
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4-3. Connector signals/LSI signals 
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Note that there may be a different kind of connector used for the 40 and 60 pin connector 
of the PC-1500 on account of product revision. The 64-pin connector on the back of the 
СЕ-150 is compatible with the 60-pin connector of the PC-1500. Either the LH5811 or 


1.Н5810 is used for the О PC. The LH5811 is an upgraded version of the LH5810. 


4-3-1. 40-pin connector 


Pin no. Signal name | Description 
1 VCC VCC 
[ 2 | PV Chip select I _ 
3 PU ` Chip select 
4 Ү0 Address designation of 0000H-—3FFFH 
Ба 64 | Address designation of 6000H~6700H — m | 
6 ОМЕО Chip select with WAIT condition in consideration (MEO area 
assignment) 
| 7 | І 07 1 | Data bus El 1 
L 8 L D6 Data bus 
9 D5 й Data bus _ E 
|. 10 D4 Data bus 
u | 08 Daabs — ЕЕ | 
12 D2 Data bus 
13 Di I mu Data bus 
14 DO Data bus | 
15 ІМНІВІТ Prohibits ROM select of the РС-1500, when connected to GND. 
16 51 Address designation of 4800H~4FFFH 
17 S2 — Address designation of 5000H--57FFH 
18 S3 Address designation of 5800H-5FFFH | _ 
19 Y2 Address designation of 8000H-- BFFFH 
20 vGG VGG 
21 GND GND Е uM Е Е 
22 А015 Address bus | 
23 А014 Address bus ` m Е Е 
24 AD13 | | Address bus I 
25 AD12 Address bus | E ] 
26 AD11 "Address bus | Е 
27 О AD10- |  Addressbus ` l m I | 
28 ú _AD9 Address bus I 
29 AD8 Address bus. 
30 AD7 Address bus 
31 AD6 Address bus 
32 AD5 Address bus 
33 AD4 Address bus B 
34 AD3 Address bus 
35 AD2 Address bus 
36 AD1 Address bus 
37 ADO Address bus - 
38 | OD Output disable | 
39 R/W Memory read/write | 
40 GND GND | 


NOTE: S4 of No. 5 may be NC, depending on production month. 


4-3-2. 60-ріп connector 


| Pinno. | Signal name 


Description NI 


1 AD7 Address bus ü 
2 AD6 Address bus 
3 AD5 Address bus _ 
L 4 AD4 Address bus ú 
5 АОЗ Address bus 
6 AD2 Address bus 
7 AD1 Address bus 
8 ADO Address bus 
9 PBO Not used 
10 PC7 Not used 
11 VCC VCC 
12 VCC VCC 
13 МС МС | 
14 | МС NC 
15 PV Chip select 
16 PU Chip select 
17 D7 Data bus 
18 D6 Data bus 
19 D5 Data bus 
20 D4 Data bus 
21 D3 Data bus = 
22 D2 Data bus 
| 23 D1 Data bus 
24 DO Data bus 
25 INHIBIT Prohibits ROM select of the PC-1500, when connected to GND. 
26 WEX External WAIT signal 
27 CMTIN Cassette data input 
28 wi WAIT condition input 
29 CMTOUT Cassette data output 
30 INT Interrupt request to CPU Е 
31 AD8 Address bus 
32 AD9 Address bus 
33 AD10 Address bus 
34 AD11 Address bus | 
35 AD12 Address bus 
36 AD13 Address bus 
37 AD14 Address bus 
38 AD15 Address bus 
39 РВ1 Not used 
[ 4 | NC NC 
L 41 VCC VCC 
42 VCC VCC 
(77743 F-GND Frame GND ] 
44 VBAT VBAT 
45 VBAT VBAT 
46 VBAT VBAT 
47 VBAT VBAT 
48 VBAT VBAT 
49 NC NC 
50 BFO VCC output 
51 ФО5 Clock іп the same phase as the LSI internal clock 
52 GND GND 
53 GND GND 
54 GND GND 
55 GND GND 
56 DMEO Chip select taking consideration of WAIT condition (MEO area 
designation) 
57 R/W Memory read/write signal 
58 DME1 Chip select taking consideration of WAIT condition (ME1 area 
designation) 
59 ME1 ME1 area designation 
60 OD Output disable 


NOTE: PBO of No. 9 may be NC depending on production month. 
PB1 of No. 39 may be NC depending on production month. 
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4-3-3. LH5801 Microprocessor 


Pin no. Signal name | Description 
| 1 RESET Reset input 
2 NC NC 
| 3 BRQ Fixed to GND level 
4 BFI (on) key input signal 
L 5 VGG VGG 
6 BFO VCC output 
7 OPF Not used 
8 BAK Not used 
9 VCC VCC (4.0~4.7V) 
10 VGG VGG (4.0~4.7V) 
11 VM LCD power supply 
12 VDIS LCD power supply 
13 VA LCD power supply 
14 VB LCD power supply 
15 NMI GND 
(2-16 мІ Maskable interrupt input 
17 HIN LCD backplate signal 
18 HA LCD backplate signal 
19 DISP LCD on/off control 
20 H7 Not used 
21 H6 Backplate control 
22 H5 Backplate control 
23 H4 Backplate control 
24 H3 Backplate control 
25 H2 Backplate control 
26 H1 Backplate control 
27 HO Backplate control 
28 OD Output disable 
| 29 МЕО MEO area designation 
30 ME1 МЕТ area designation 
31 DO Data bus 
32 D1 Data bus 
33 D2 Data bus 
[ 34 D3 Data bus 
35 D4 Data bus 
36 D5 Data bus 
37 D6 Data bus 
38 D7 Data bus 
39 __AbO Address bus 
40 AD1 Address bus 
41 AD2 Address bus 
42 ADS3 Address bus 
43 AD4 Address bus 
44 ADS Address bus 
45 AD6 Address bus 
46 AD7 Address bus 
47 GND GND 
[48 АПВ Address bus 
49 уса VGG 
50 AD9 Address bus 
Га AD10 Address bus 
| 52 AD11 Address bus 
53 AD12 Address bus 
| 54 AD13 Address bus 
55 AD14 Address bus 
56 AD15 Address bus 
57 NC NC 
58 R/W Memory read/write 
59 PO Not used 
60 PV Chip select 
61 PU Chip select 
62 ФО5 Clock which is іп the same phase as the LSI internal clock 
63 XLO 2.6MHz oscillator input 
64 XL1 2.6MHz oscillator output 
65 WAIT CPU WAIT signal 
[ 66 ІМ? Key input port 
67 IN6 Key input port 
68 IN5 Key input port 
69 ІМ4 Key input port 
70 IN3 Key input port 
71 IN2 Key input port 
72 IN1 Key input port 
73 INO Key input port 
74 NC NC 
75 NC NC 
76 NC NC 


4-3-4. /ОРС 


When the pin No. 34 (MEO) of the I/ О PC is connected with MEI of the CPU, it will be 
accessed as the MEI area. 


(0) PC-1500 I/O PC 


| Рїп по. Signal name Description 
1 PA1 Key strobe | 
2 РА2 Key strobe 
3 РАЗ Key strobe 
4 РА4 Key strobe 
5 РА5 Key strobe 
i 6 РА6 Key strobe 
7 РАТ Key strobe 
8 GND GND 
9 PBO Not used 
10 PB1 Not used 
11 PB2 Serial data input from the cassette tape 
12 PB3 VCC (export model), GND (domestic model) 
13 РВ4 GND 
14 PB5 Timer control 
15 PB6 |J Timer control 
16 PB7 ON key input 
17 Po GND | 
18 РСО Timer control 
19 | _РС1 Timer control 
20 PC2 Timer control =] 
| 21 РСЗ Timer control 
22 РС4 Timer control 
23 | PC5 Timer control Ë 
| 24 РС6 Buzzer on/off control 
25 PC7 Not used i NEED B 
| __26 С50 Chip select (AD12) 
27 CS1 Chip select (AD13) | 
| | 28 CS2 Chip select 
29 RSO Chip select (ADO) 
30 RS1 Chip select (AD1) 
|. 91 RS2 Chip select (AD2) 
32 RS3 Chip select (AD3) 
| 33 R/W Memory read/write 
34 | MEO MEO area designation ЕН 
35 МЕ1 ME1 area designation sun 
36 WO WAIT condition input 
37 W1 WAIT condition input | 
38 GND GND 
39 VCC VCC E 
40 DMEO Chip select taking consideration of WAIT condition (assignment of 
_ MEO area). 
41 DME1 Chip select taking consideration of WAIT condition (assignment of 
ME1 area). 
42 WAIT WAIT to CPU 
43 INT Interrupt to CPU 
44 RESET I/O port reset input 
45 IRQ Interrupt input 
46 OS Basic clock input í 
47 CL1 CMT demodulation clock input 
48 SD1 VCC level 
49 LC Not used 
50 CLO CMT signal 
51 500 Serial data output to cassette tape 
52 DO Data bus 
53 D1 Data bus 
54 D2 Data bus 
55 D3 Data bus | 
| 56 D4 Data bus 
57 D5 Data bus =i 
58 D6 Data bus 
59 D7 Data bus 
60 PAO Key strobe 
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© CE-150 I/O PC 


Pin no. | Signal name Description | 
1 РА1 Remote 0 control 
2 PA2 Remote 0 control 
3 РАЗ Remote 1 control 
4 РА4 Remote 1 control 
5 РА5 Manual print mode assignment 
6 PA6 Not used | 
7 РАТ Not used 21 
8 GND GND 
9 PBO Pen ascending signal 
10 PB1 Pen descending signal 
11 PB2 Color detection 
12 РВЗ Not used 
13 РВ4 Not used 
14 | PB5 Not used 
15 PB6 Low battery 
16 PB7 Paper feed key input 
17 Po Not used 
18 PCO X motor control 
19 PC1 X motor control 
20 PC2 X motor control 
21 PC3 X motor control 
22 PC4 Y motor control 
23 РС5 Y motor control 
24 PC6 Y motor control 
25 РС? Y motor control 
26 С50 AD13 input/output 
27 CS1 AD12 input/output 
28 CS2 I/O port address designation 
29 RSO ADO 
30 RS1 AD1 
81 RS2 AD2 B 
32 RS3 AD3 
133 R/W Memory read/write 
34 MEO MEO area designation 
35 ME1 GND 
36 WO GND 
37 W1 WAIT condition output 
38 GND GND 
39 VCC VCC 
40 DMEO Not used 
41 DME1 Not used 
42 WAIT WAIT condition output 
43 | INT Interrupt request to CPU 
44 RESET LH5811 reset Е 
45 IRQ | Interrupt request from external source 
46 oos Internal clock having the same phase as LSI 
47 CL1 GND | 
48 SD1 GND 
49 LC Not used 
50 CLO Not used | 
51 SDO Not used | 
52 ро Data bus 
53 D1 Data bus 
54 D2 Data bus 
55 D3 Data bus 
E 56 D4 Data bus 
57 D5 Data bus 
58 D6 Data bus 
59 D7 Data bus 
60 PAO | For stable input level when CMT is not in use. 1 


© CE-153 I/O PC 


Ріп по. Signal name | Description 
1 PA1 Key input port 1 
2 | РА2 Key input port 
3 РАЗ Key input port 
4 РА4 Key input port 
5 PAS Key input port 
6 PA6 Key input port 
7 PA7 Key input port 1 
8 GND GND 
9 PBO Key input port 
10 PB1 . Key input port 
11 PB2 Key strobe 
12 ___РВЗ _Кеу strobe 
13 РВ4 Key strobe | | 
14 РВ5 Key strobe = +i 
15 PB6 ` Key strobe 
16 PB7 | Key strobe | 
17 Рф GND I E 
E 18 z PCO Key strobe 
|. 19 PCI | Key strobe 1 
20 | | PC? ` | Key strobe 
| 21 PC3 Key strobe 
22 PC4 Key strobe m 
23 PC5 Key strobe | 
24 PC6 | Key strobe 
25 PC7 Key strobe 
26 CSO AD15 
27 CS1 AD14 
28 CS2 AD13 
29 RSO ADO 
30 RS1 | ADI 1 
31 RS2 А02 _ 
32 В53 AD3 
33 R/W | Memory read/write | 
34 MEO | MEO area designation 
35 ME1 GND 
36 | WO GND 
[587 wi омо 
38 GND GND 
39 | VCC  |VCC (4.70+0.021) Е 
40 | DMEO | Not used 
41 DME1 Not used 
42 WAIT | WAIT condition 
43 INT | | Not used 
44 RESET Reset 
45 IRQ GND 
46 ФО5 Internal clock having the same phase аз LSI. 
47 CL1 GND 
48 SD1 GND 
49 LC Not used 
50 CLO Not used | 
51 SDO Not used 
52 DO Data bus 
53 | D1 Data bus 
54 D2 | Data bus 
55 D3 Data bus 
56 с D4 |Databus 2 
57 D5 | Databus ` _ 
58 D6 Data bus 
59 D7 Data bus 
60 PAO I Key input port 
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(3) CE-158 I/O PC 


[ Pin no. Signal name | Description 
1 PA1 RS232C І/Е send request 
2 РА2 RS232C І/Е ready to receive 
3 PAS3 RS232C I/F carrier detect 
4 РА4 RS232C I/F data set ready 
5 PA5 Low battery 
6 РА6 Baud rate select 
7 РА? Baud rate select 
8 . GND GND 
9 PBO Centronics parallel I/F DATA 2 ы 
10 РВ1 Centronics parallel /Е DATA 3 
11 PB2 Centronics parallel I/F DATA 4 
12 PB3 Centronics parallel I/F DATA 5 
13 PB4 Centronics parallel I/F DATA 6 
14 PB5 Centronics parallel I/F DATA 7 1 
15 РВ6 Centronics parallel I/F DATA 8 
| 16 РВ7 Centronics parallel I/F BUSY input 
17 Po GND 
Г 18 РСО | Baud rate select E 
19 PC1 Baud rate select 
[ 20 РС2 | Baud rate select 
21 РСЗ Baud rate select 
22 PC4 Baud rate select 
23 PC5 Centronics parallel I/F DATA 1 
24 PC6 Centronics parallel I/F STROBE 
25 PC7 Centronics parallel I/F INIT 
26 CSO VCC (4.70+0.02V) 
27 CS1 VCC (4.70+0.02V) 
28 С52 GND 
29 RSO ADO I 
30 RS1 | AD1 
31 22 RS2 Ар2 
32 RS3 ADS 
33 ЖЕЛІ! Memory read/write 
34 MEO MEO area designation 
35 ME1 GND 
36 WO GND 
37 W1 GND 
38 GND емо 
39 VCC VCC (4.70+0.02V) 
40 DME0 Not used 
41 DME1 Not used 
42 WAIT Not used 
43 INT Interrupt request to CPU 
44 RESET LH5811 reset mu _| 
45 IRQ | Interrupt request 
46 ФО5 Internal clock having the same phase as LSI. 
47 CL1 GND 
48 SD1 GND 
49 LC Not used 
50 CLO | Not used 
51 SDO Not used 
52 DO Data bus 
53 D1 Data bus 
54 D2 Data bus 
55 D3 Data bus 
56 D4 Data bus 
57 05 Data bus 
| 58 D6 Data bus 
59 D7 Data bus 
Ж 60 РАО RS232C I/F terminal ready 


4-4. Key matrix and key code chart 


Key matrix 


Key code chart 


| NOTE: For ON key, refer to "KEY SCAN" of "SYSTEM 


SUBROUTINE”. 
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PC-1500 software 


5-1. BASIC command related PC-1500 machine language 
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In this section we will discuss the BASIC command related PC-1500 machine language. 


5-1-1. NEW 


Format (PRO mode) 
NEW expression + 
@ NEW expression (=0) 
Clears program and all data areas and secures the BASIC program area following to 


the reserve program area. 


Top of the BASIC program 
Operation of the PC-1500 only 40C5H 
Operation in conjuction with the CE-155 38C5H 


See (System memory) 


© NEW expression (#0) 
Effective when there is no user ROM area. 
Clears BASIC program and all data areas and sets the BASIC program area from the 
address represented in the expression, which is valid within an address range of RAM 


area except the reserve area. 


@ NEW 
Clears BASIC program and all data areas without affecting the BASIC program area. 


When executed in the reserve mode, it clears the reserve area. 


5-1-2. STATUS 


Format 
Status — expression — 
@ STATUS 0 
Similar to MEM, the sum of unoccupied memory size and data memory size is given in 
terms of bytes. 
@ STATUS 1 
Size of the memory used for the BASIC program is given in terms of bytes. 
G) STATUS 2 
The last BASIC program address plus one address (next to FFH) is given. 
@ STATUS 3 
The smallest address where data stored is given. 
(5) STATUS 4 
When BASIC program is in execution, the line number executed immediately before. 
When program execution is at halt, the current line number. 
In otherwise condition, *0". Same for STATUS 5 thru 255. 


ROM information. 
Reserve area 


Machine language 
program area 


BASIC program area 
| ( STATUS 1 
5ТАТ052 тн | User area 
(RAM) 
Unoccupied area 
STATUS З [^T] + (STATUS O 
Data area 


NOTE: ROM information is 8 bytes and the reserve area is 189 bytes. 


5-1-3. PEEK 


Format 


PEEK + # + expression — 
© PEEK expression 


Recalls the data in MEO area whose address is represented by the expression. 
(2) PEEK # expression 


Recalls the data in the MEI area whose address is represented by the expression. 


5-1-4. POKE 


Format 


POKE - # + expression-1 + » — expression-; + 
Q) POKE expression-1, expression-2, expression-3, ... 
Starting from the MEO area address represented by the expression-l, it begins to store 
dics 
© POKE # expression-1, expression-2, expression3, ... 
Starting from the MEI area address represented by the expression-l, it begins to store 
successive data in order of the expression-2, expression-3, ... 


successive data in order of the expression-2, expression- 


CAUTION: Since the I/O port controller is in the ME1 area for the PC-1500, care must be 


taken not to have a wrong use of this command, as it may possibly result in 
destruction. 


(EX): POKE &4700, &01, &02, &03 


= 


Address Data 
4700H 01H 
4701H 02H 
4703H 03H 
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5-1-5. CALL 


Format 
CALL - expression y › — variable + 


(D CALL expression 


Machine language program starts to execute starting from address specified by the 


expression. 
Progam returns from the machine language routine by the command. 
© CALL expression, variable 
1) When the variable is a numerical variable (within a range of —32768 thru 32767) 
1. The value of the variable is transferred to the Xreg. 
2. Machine language program is executed from the starting address represented by 
the expression. 
3. If there is a carry when returns, the value of the Xreg is transferred to the variable. 
2) When the variable is a nonnumeric variable 
1. The leading address of the nonnumeric variable is transferred to the Xreg and the 


size information of the nonnumeric variable is transferred to the accumulator. 


2. Machine language program is executed from the starting address represented by 
the expression. 
3. If there is a carry when returns, the character string whose size is indicated by the 
accumulator is transferred to the variable from the address represented by the 
Xreg. 
NOTE: It will resultin ERROR 7 fora two-nonnumeric variable whose variable has not been 
defined. 
5-1-6. CSAVE M 


Format 
CSAVE М т 71 y "file name"; + expression-1, expression-2 --, expression 3 + 
@ CSAVE M expression-1, expression-2, expression-3 

Data residing from the address represented by the expression-I to the address 


represented by the expression-2 is recorded on the tape as the machine language 
program. 
When the expression-3 is given, execution will automatically take place from the 
address represented by the expression-3 upon loading of the program from the tape. 
File name will also be recorded on the tape, when there is a file name. 

G) CSAVE М-1 
Tape control will be set to the REMOTE-I side. 


5-1-7. CLOAD M 


Format 
CLOAD M r —1 yr "file name"; y expression y 
@ CLOAD М 


The machine language program recorded on the tape is loaded into the same memory 


area as when recorded. 
When the expression is given, program load will take place from the address 
represented by the expression. 
If there have been the expression-3 during data save. program execution will 
automatically take place from the address represented by the expression-3 upon 
completion of program load. However, automatic execution will not start if the 
expression is given. 

@ CLOAD M-1 


Tape control will be set to the REMOTE-I side. 
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5-2. Internal code chart 


With the PC-1500 system, BASIC command is converted into internal code of two bytes 


to be processed by the PC-1500 system. 


Shown next is the list of commands with corresponding internal codes. 


‘COMMAND 
ABS 
ACS 
AND 
|АВЕАРр 
ARUN 
ASC 
ASN 
АТМ 
ВЕЕР 
ВВЕАК 
DEALL 
CHAIN 
CHR$ 
CLEAR 
CLOAD 
Cis 
COM$ 
CONSOLE 
CONT 
COLOR 
COS 
CSAVE 
CSIZE 
CURSOR 
DATA 
DEG 
| DEGREE 

DEV$ 
DIM 
DMS 

| ТЕ 

| END 
ERL 
ERN 
ERROR 
EXP 
FEED 

| FOR 

| GCURSOR 
GLCURSOR 
GOSUB 
GOTO 
GPRINT 
GRAD 
GRAPH 
ME 
INKEY$ 
INPUT 
INSTAT 
INT 


INTERNAL CODE| 
F170H | 
74H 
50H 
80H 
81H 
60H 
73H 
75H 
82H 
B3H 
8AH 
B2H 
63H | 
87H 
89H 
88H 
E858H 
FOBIH 
|Е18ЗН| 
FOB5H 
Е17ЕН | 
Е095Н 
E680H 
F084H 
'F18DH 
F165H 
Е 1 
ЕВ 
Е 1 
Е16 
Е88 
F18 
F05 
Е 05 
Е 1 
Е17 
FO 
| ЕТАБН | 
F09 
E68 
F19 
F19 
F09 

8 

8 


-п 


на e аре AIL ex 


e 


nnmnnn n 
о о ~. ~ 


F1 
|E6 
[F19 
ЕЗ 
| FO 
E8 
F 1 


COMMAND INTERNAL CODE 
LCURSOR E683H. 
ILEFT$ |F17AH 
LEN F164H 
|1 ЕТ Е198Н 
| LF ЕОВ6Н 
LINE F0B7H 
LEST F090H 
| L ST FOBRH 
LN F176H 
| LOCK |IF1B5H 
LOG F177H 
LPRINT FOBO9H 
MEM Б F158H 
MERGE |ЕОВЕН | 
|MID$ | .] F17 BH 
NEW |F19BH 
NEXT F19AH 
NOT F16DH 
OFF |F19EH 
ON F19CH 
OPN F19DH 
OR F151H| 
OUTSTAT ЕВВОН | 
PAUSE ЕТА2Н 
РЕЕК FI6FH 
PEEK£ FI6EH 
ІРІ F15DH | 
POINT F168H 
POKE ЕІДІН 
POKE# Е1АОН | 
РВІМТ |IF097H 
RADIAN. F1AAH 
RANDOM ЕТАВН 
READ FIA6H 
REM FIABH 
RESTORE ЕТА7Н 
RETURN F199H 
RIGHT$ |F172H | 
RINKEY$ | E85AH 
RLINE FOBAH 
RMT E7A9H 
RND F17CH 
ROTATE E685H 
RUN |F1A4H 


COMMAND | 
ISETCOM ` 
|SETDEV 
SGN 

SIN 
SORGN 
SPACE$ 
SQR 
[STATUS 

| STEP 
STOP 
STR$ 
TAB 

TAN 


TEST 
TEXT 
THEN 
TIME 
те 
TRANSMIT 
|TROFF 
TRON 
UNLOCK 
USING 
[VAL 
"WAIT 
ZONE 


TERMINAL | 


INTERNAL CODE 
E882H 
E886H 
F179H 
17DH 
684Н | 
061H 
16BH 
167H 
ТАРН 
1ACH 
161H 
0BBH 
17FH 
883H 
0 
6 
1 
1 
1 
8 
1 


п 


BCH 
86H 
AEH 
5BH 
B1H 
85H 
BOH 
ЕТАЕН 
Е1В6Н 
|Е085Н 
Е162Н | 
F1B3H 
|FOB4H| 


елле нк SE | TmT T a П 
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5-3. Expression of variable and program 


5-3-1. Expression of decimal number 


Decimal number consists of eight bytes which are used to represent number within a range 
of —9.999999999 x 10” to + 9.999999999 x 10” and are composed of the exponent part, 
mantissa sign and mantissa part. 


Бк кі иси ш 


| | 17 Exponent part: expressed іп а binary number. 

L Negative number is represented by 
complement. 
Е А GOR Mantissa sign: 00H (Positive) 

Mantissa 80H (Negative) 


| Mantissa sign 


Exponent 


(Example when numeric is stored from 7A00H to 7A07H) 

7A00H 7A07H 

озн | оон | т5н оон [оон | оон оон [оон |1500 

оон оон / т2н | зан 56H / оон оон | 00H | 1.23456 

FDH оон | 12H[34H|56H|78H 90Н | оон 0.00123456789012 


о8н | вон (т2н зан оон оон оон 00H | —1.234x10° 


5-3-2. Expression of binary number 
Binary number consists of eight bytes, but five bytes are not used. It expresses a binary 
number within an integer range of —32768 thru +32767. 


| ж | ж | ж | * | | | | | Negative number is expessed by а complement. 


Invalid data — B2H | m -Č Invalid data 


Binary number 


(Example when numeric is stored from 7A00H to 7A07H) 


7A00H 7A07H 

ж | ж | ж | ж |B2H| 05H] DCH) ж 1500 
ж ж | ж* Ж |B2H|FFH|FBH| x —5 

| ж | x * Ж. ВОН 7FH |ЕЕН| Ж 32767 

EE" ж | ж ж |B2H|80H ЛТ ж -32768 


МОТЕ: Noted with an asterisk (Ж) indicates invalid data. 


5-3-3. Expression of character string 
Character string information is composed of eight bytes (with four bytes of valid data) and 
it resides in the address contained in the character string information. 
| ж | ж | ж | * | DOH | ADDH | ADDL |LENGTH| Size of character string: 01H thru 50H 


Leading address of character string: 
0000H thru FFFFH 


Invalid data DOH Leading address — — Size of 
of character character 
string string 


Example that the character string information resides in the arithmetic register and the 
character string "SHARP" resides in the string buffer. 


7A00H | o i 7АО7Н 
іжіжі|ж|ж [оон | 7вн | 10H | 05H 


7B10H | 7B14H 
(53H | авн | атн | 52H | son | 
SH A R BC 
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5-3-4. Structure of variable name 


Variable name field is made of two bytes which consists of variable name composed of 
ASCII character, distinction of numeric and nonnumeric variable, and presence of array 


assignment. 
—— — — — ——High order Byte Low order Byte 
р + 
| First ASCII character E Second ASCII character 
— - — - I (low order 5 bits) 
Variable name Code 
A 4100H ——T 0: Numeric variable 
| B1 77 4211H E Nonnumeric variable 
СС | ea Ns — — — f 7th bit from the LSB of the 
DD (1) 44C4H second ASCII code 
E $ 4520H тл жол. | 
z as 7 ^| 0: Not array variable nor @ 
FF$ 4 6 6 6H 1: Array variable or (а) 
GG$ (2 47Е7Н | M == 
@ (3) 4080Н 
27% (4) | 5AEAH 
(EX) When array declared to “A$(1,2) ж 3" 
2Byte 2Byte 3Byte 3Byte 3Byte +... 
Ж lag (0,0) | Ag (01 
TEM UT 01.03 $ (0,0) С RS 
| | | Data Data 
EN ERES = = 
Variable Byte count Second Size Data | 
пате of whole subscript of 
memory +3 character 
First string 
subscript (88 for 
numeric) 


5-3-5. Structure of program 


Each of program lines is composed of the line number, line size, program code, and end 


code. 
| [L1 ое] | | Í 9 
Line number Line size Program code C/R Line number Line size 
10 PRINT A 
20 END The above programmed lines will be as follows (without (module): 
Address ü Data 
| 40С5н | 00H то 
40C6H OAH | ! 
|40C7H | 04H | Line size 
40C8H FOH || 
40C9H 97H [РАТ 
| 40CAH | 41H | -----: А 
40CBH орн | ees C/R 
40CCH 00H \ 
— | +20 
_ 40CDH | 14H |! 
40CEH Жем а жз Line size 
|. 40CFH ЕТІН \ 
_4000Н ВАН |! END 
40р1н орн |--- C/R 
оран ЕСЕСІ y passes Code to indicate end of BASIC program. 
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5-3-6. Structure of reserve area 


(7) Leading address of the reserve area 


System configuration Leading address 


РС-1500 ONLY 4000H 
PC—1500-- CE—151 4000H 
PC—1500+CE—155 3800H 

| PC—1500 + CE—159 20008 | 


(2) Reserve memory configuration (when only the PC-1500 is used) 


Г [о [1 [2 [3 [4 [5 [6 [7 |8 [9 [|a | B[c|p|&]F @ Reserve key code 
400 |ROM status information ра RESERVE WO] T Dn 
40 1o | Key symbol of the reserve number I ed : F 1 i оні 11H 09H 
402 Key symbol of the reserve number II ( ytes) F2 02H 12H 0AH 
ton F3 озн 13Н 0BH 
404 Key symbol of the reserve number III (26 bytes) --- +— 
405 pe F 4 04H тан осн 
406 The contents of reserve keys аге stored in I F5 05H| 15H|0DH 
D D + + + + + + + t t 
407 order of registration (111 bytes) F6 Обн | 16H|0EH 
408 | | @ Reserve key contents are stored 
409 | following to the key code. 
40A | | e Reserve programs are stored іп 
40B | order of registration. In the case 
40C | Machine language | of re-registration, the previous 
40D бї | program is deleted and the new 
40E BASIC program program is added following to 
| it. 
aor | | KERN | 
NOTE: When NEW [we] is executed іп the 


RESERVE mode, address area from 4008H to 
40САН is filled up with “OOH”. 


@ ROM status information 


= 
ADDRESS DESCRIPTION 
4000H 55H | 
4001Н | High order one byte of the ROM top address 
4002H High order one byte of the top address of the BASIC program, 
assuming the ROM top address to be “0000Н”. 
4003H Low order one byte of the top address of the BASIC program, 
assuming the ROM top address to be “0000H” 
4004H Write the following code according to the ROM size 
1KB: "04H" 2KB: "08H" 4KB: "10H" 
8KB: "20H" 16KB: “40H” 
4005H Undefined 
4006H Undefined 
4007H To make the program confidential, write “OOH” 
To make the program not confidential, write “ЕЕН” 


(An example of registration) 


Key symbol 
essei] PRT| [HIN в/о G|S|B| НЕТ m 1121314151617 |1819 ТАТВ|ІСІОТЕТЕ 
Reserve Мо.П 5 LN C|OIS| |T|AIN 400 205052 5420149 4E50 
| Reserve Noll RUN вто | | 401 20/47 4ҒБ4 20/47 53/42 20/52/45|54120/0000/00 
a | i 7 402 
403 
Reserve contents 404 
ESSERE Е 405 (00/00 00/00/00/00(01 F0 9703 F1 92/02 FO 91 |04 
order AE Шат Алы 406 Fl9405[F19911F17013F17F0AF19214009 
1 КЕР A PRA NT 407 |Н М/40121ғ1 7Е00/00/00 00/00/00/00/00/00/00 
2 I| F3 | бото 408 (00/00 00/00/00/00/00/00/00 00 00 00 00 00 00 00 
3 I| F2 INPUT 409 00/00 00/00 00 00/00 00/00 00 00 00 00 00 00/00 
| 40А |00/00/00/00/00/00/00/00 00/00 00/00/00/00|00|00 
4 I| F4 | GOSUB 4 0B  |00/00/00/00/00/00/00|00 00/00 00 00 0000 0000 
5 I| F5 | RETURN 40С 0000000000 i ШИШ 
6 I| Fi | SIN 40D | [ Ë 
7 H| F3 | TAN iE Ена 
40Ғ 
8 Ш PF: 2 GO T O(« ü = 
9 ШЇ F4 RUNG Characters are stored in form of character 
code andcommandsin form of internal code. 
10 |H F2 | COS ` “ООН” is for the end code of data. 
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5-4. System subroutines 


System subroutines used by the machine language program will be introduced next. 
However, care must be taken for printer related entry address for it differs depending on 
the ROM version of the CE-150. The version number will be indicated in the address 


A800H. 
Version 0 Б Address A800H is 44H. 
Version 1 1 Address A800H is ВЕН. 
@ Character function 
Combination of character D925H ЕТТІ І D9D7H 
CHR$ D9B1H LEN, ASC D9DDH 
STRS D9CFH | RIGHTS, MIDS, LEFTS D9F3H 
@ Arithmetic operations 
Substract EFB6H | 10n F1D4H DEG F531H 
ЇЇ 
Add EFBAH COS F391H DMS F564H 
Multiply F01AH | TAN F39EH | ABS F597H 
Divide F084H SIN F3A2H SGN F59DH 
LN F161H ACS F492H | INT F5BEH 
LOG F165H ATN F496H || Power raise F89CH 
EXP F1CBH ASN F49AH 
ц "m 
(з) Compare 
Numerical comparison ji D0D2H [ Character string comparison DOF9H 
@ Search 
Line number search D2EAH Variable search D461H 
KEY scan (1) Е42СН KEY scan (II) E243H 
(5) Display 
Auto-power-off | ЕЗЗЕН One character display ED57H 
Program display E8CAH "n" character display ED3BH 
Graphic display EDEFH Cursor move after one ED4DH 
character display 
Hexadecimal (2 bytes - 1 ED95H | Cursor move after “п” EDOOH 
byte) character display 
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(6) Printer related 


| Color designation | A519H(A4F7H) ШЕ up/down AAESH(AABDH) | 
Print A781H(A75BH) | Motor drive | A8DDH(A8B7H) 
= А9Е1Н(А9СВН) | Motor off A769H(A747H) 
Paper feed AA04H(A9DEH) | Get GRAPHIC mode ABEFH(ABC6H) 
E TEXT mode ready БЕРЕН ready 

(Figures in parentheses indicate version O.) 
(7) Cassette tape 
Remote on BF11H | Header input/output BCE8H 
Remote off BF43H CMT I/O control .BBF5H 
One character save BDCCH 1 Create header BBD6H 
EE character load BDFOH | Transfer file | BD3CH 
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5-4-1. Character functions 


B Combination of character string 
Combination of character string-1 and character string-2 
@ ENTRY PREPARATION 
e Preparation of character strings 
Character string information of the character string-l is stored in the arithmetic 
register (7A00H ~7A07H). 
Character string information of the character string-2 is stored in the arithmetic 
register (JAIOH~7AI7H). 
e ІОН is stored in the string buffer pointer (7894H). 


(2 ENTRY ADDRESS 
D925H 
e Subroutine is called in the following format: 
SJP (Address where PSH Xreg is written) 
DB DATA (Error return address) 
PSH Xreg 
PSH Yreg ; Write in other addresses. 


JMP D925 
l 
_-- 7 PSHXreg ) 
ВУР `Y | 
PSH Yreg 
Data | 
< JMP ------ > D925H 
Byte count š - 
of data “ка; 
с-ка А, Айы: 
At error Шы адын КТМ 


(2) EXIT STATE 
e When no error 
Returns to the address next to the data. Resultant character string information will 
then be stored in the arithmetic register X (7A00H —7A07H) and the combined 
character strings will be stored in the string buffer (7BIOH ^). 
e When error 
After storing the error code in the UH register, it returns to the data stored address 


plus one. 


NOTE: For details of character string information, refer to the paragraph discussing the 
structure of variable and program. 
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Ш СНН5 
@ ENTRY PREPARATION 
e Preparation of numeric value 
An integer of 0 thru 255 is stored in the arithmetic register (7A00H 7A07H) in 
decimal or binary figure. 
e 10H is stored in the string buffer pointer (7894H). 


@ ENTRY ADDRESS 
D9B1H 


@ EXIT STATE 


e When no error 


UH = 00H 
Address Contents 
Ë 7A0dH o s CIH 
7A05H 7BH 
ЕТТЕН | 10H 
7A07H | | 00H or 01H 
7B10H. ASCII code 


When ASCII code is 00H, the contents of 7A07H become 00H or01H when other than 
00H. 


e When error 
UH = 00H (Error code is stored in UH) 


Ш STRS 
@ ENTRY PREPARATION 
e Number to be converted is stored in the arithmetic register (7A00H ~7A07H) in 
decimal or binary figure. 
e ІОН is stored in the string buffer pointer (7894H). 


@ ENTRY ADDRESS 
D9CFH 
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@ EXIT STATE 


e When no error 


UH = 00H 
Address Data 
7A04H DOH 
7A05H Leading address of character string (high order one byte) 
7 A06H I Leading address of character string (low order one byte) 
7A07H Size of character string I i 


For an actual character string, the string buffer (7BIOH 7BS5FH) can be used. 
e When error 
UH # 00H (Error code will be stored in UH.) 


m VAL 
@) ENTRY PREPARATION 
e Character string information to be converted is stored in the arithmetic register X 
(7A00H~7A07H) in character string format. 


@ ENTRY ADDRESS 
D9D7H 


@ EXIT STATE 
e When no error 
UH = 00H 
Result is stored in arithmetic register X (7A00H ^7A07H) in decimal figure. 
e When error 
UH # 00H (Error code will be stored in UH.) 


Ш ASC, LEN 
@ ENTRY PREPARATION 


e Character string information to be converted is stored in the arithmetic register X 


(7 АООН“-7А07Н). 
Address | Data 
7A04H | DOH 
7A05H | Leading address of character string (high order one byte) 
7A06H Leading address of character string (low order one byte) 
7A07H Size of character string 
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e Setup of function 


Function YL 
ASC 60H 
LEN 64H 


@ ENTRY ADDRESS 
D9DDH 


(2) EXIT STATE 
өе When no error 


UH- 00H 
Result is stored in arithmetic reister X (7A00H ^ 7A07H) in decimal figure. 


е When error 
UH 00H (UH-error code) 
B RIGHTS (Character string, numeric value-1) 
LEFTS$ (Character string, numeric value-1) 


MID$ (Character string, numeric value-2, numeric value-1) 


© ENTRY PREPARATION 
e Setup of function 


Function YL 

RIGHTS 02H 
LEFTS 7AH 
MIDS 7BH 


e Existence of availability for 8 bytes іп the BASIC stack (7A38H^7AFFH) is 
checked. 
e |n the case of RIGHTS, LEFTS 
(Data of 7890H) < (data of 7891H) — 8 
€ |n the case of MID$ 
(Data of 7890H) < (data of 7891H) — 16 
Since re-write of 7890H and 7891H is not permitted, it must be avoided to call this 


subroutine, unless the above condition is satisfied. 
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e Change of the data pointer (7892H) 


Address : 
(Data of 7890H) + 4 


Function Data 
RIGHTS (data of 7890H) +8 
LEFTS 

MID$ (data of 7890H) + 16 


e Preparation of character string 


Data 


рон 


(Data of 7890H) + 5 


Leading address of character string (high order one 


byte) 


(Data of 7890H) + 7 


(Data of 7890H) +6 | 


Leading address of character string (low order one 


byte) 


| Size of character string 


NOTE: High order byte of address is 7AH. 


For actual character string, the string, the string buffer (7BIOH ~7B5FH) can be 


used. 


ө Preparation of numerical data 
Numeric-! is stored іп 7A00H^7A07H in decimal or binary figure. 
(In the case of MID$, the numeric-2 is stored from the address of “data 
of 7890H" plus eight to the address “data of 7890H” plus fifteen.) 
Stored in the above address in a decimal or binary format. 


@ ENTRY ADDRESS 
D9F3H 


(2) EXIT STATE 


e When no error 


UH = 00H 
Address І Data 
7A04H DOH 
7А05Н Leading address of character string (high order one byte) 
7A06H Leading address of character string (low order one byte) 
ТА07Н _ Size of character string 

For an actual character string, the string buffer (7BIOH~7BSFH) can be used. 


e When error 


UH = 00H (UH is substituted with error code.) 


NOTE: T 1T] 

Z 

c 

EARE. 

Stack of | 2 
= 

FOR EN 
Represented © 
by the c 
pointer 5 

(7890Н) 
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| z-oueunwN 


sə}Áq 8 


- | 


Stack of 
GOSUB 


Represented 
by the 
pointer 
(7891H) 


5-4-2. Arithmetic subroutines 
© ENTRY PREPARATION 


ө Preparation of numeric value 
Numeric value should be prepared in the arithmetic register X (7A00H^7A07H) 
and the arithmetic register Y (7JAIOH~7A17H). 
(In the case of a single variable, only the arithmetic register needs to be prepared. 


@ ENTRY ADDRESS 


Operation Address 
ЕЕ OX4Y —X | | ЕЕВАН 
| i Subtract X-Y —X EFB6H 
E | Muliphy OXXY — X С ЕТАН 
S | owe | X/Y =X | FH 
| E [We — | ЕЗІН | — FBCH 
i SQR X— X С FOE9H ——— 
ТТТ IN XX FI61H 
| LOG X— X БЕТІ 
| M" EXP Xx l FICBH 
IOAX — X F1D4H 
: | ЕТЕ | | F3A2H 
= | елаш COS X— X F391H 
s TAN X— X F39EH 
5 | ASN X— X FA9AH 
2 trigrometric ACS X— X | F492H 
diia | ATN X— X | FA96H 
| Degree to minute DEG X— X F531H 
ООО DMS X—X | F564H 
ааа. | ABS >X | Е597Н 
| sign | SGN X— X | F59DH 
E mam ваен 


@ EXIT STATE 
e Result will be stored in the arithmetic register X (7A00H~7A07H). 
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5-4-3. Comparison 


B Comparison of numeric 
(Numeric 1) © (numeric 2) 
© Indicates the operand. 

@ ENTRY PREPARATION 
e Setup of operand 


/— Operand | Accumulator data 
E Е 00H 
отн 
NT 
04H 
05H 
“06H 


e The numeric is stored in the arithmetic register in a format of decimal figure. 


Numeric 1 | Arithmetic register X (7AOOH~7A07H) 


Numeric 2 Arithmetic register X (7A10H-7107H) 


@ ENTRY ADDRESS 
DOD2H 


@ EXIT STATE 
e When the operand is established 


and the arithmetic register turns to “I”. 


^ 


The flag Z is reset to “0 
7A00H 
00H 00H 10H | OH | OH | он 00H 


e When the operand is not established 
The flag Z is set to “I” and the arithmetic register turns to "0". 
7A00H 
00H оон 00H 00H 00H OH | OOH 


Ш Comparison of character string 
(Character string-1) ©) (character string-2) 
©) Indicates the operand. 


@ ENTRY PREPARATION 


e Designation of the operand 


m Operand Accumulator data 
| 00H 

01H 
ЕГІ 

04H 


7A07H 
00H 


e Preparation of character string 


"X Address Character Character 
Contents ú анына е е string-1 string-2 
DOH 7A04H 7A14H 
Leading address of | (high order) — ТА05Н |  7A15H 
the character string | (low order) - 7A06H 7A16H 
Size of the character string | 7A07H 7A17H 


For the address where the character string is stored, the string buffer (7BIOH ~7B5FH) 
can be used. 
e 10H is stored in the string buffer pointer (7894H). 


б) ENTRY ADDRESS 
DOF9H 


G) EXIT STATE 
€ When the condition for the operand is established (7-0) 


7A00H 7A07H 
| он | OH 10H 00H OH | oH | OH | OH | 


e When the condition for the operand is not established (Z=1) 


7A00H 7A07H 
| он | OH 00H OH | бон 0H | он | он | 


5-4-4. беагсһ 


Ш Variable address search 
Q) ENTRY PREPARATION 
e Designation of variable name 
The variable name is stored in the Ureg. 
e Whether array is one dimension or two dimension is stored in parameter F/F 
(788CH). 
one dimension: 01 H 
two dimension: 02H 
e Subscript is stored in the arithmetic register X (7AOOH~7A07H). 
When one dimension array: the first subscript 
When two dimension array: the second subscript 
e Subscript is stored in the arithmetic register Y (TAIOH ^7A17H). 
When one dimension array: No need 
When two dimension array: the first subscript 
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@ ENTRY ADDRESS 
D461H 
e Subroutine must be called in the following format: 
SJP | D461H 
DB FAH 
DB DATA ...... (Decides the address to return when an error is met.) 


(3) EXIT STATE 
e When no error 
The leading address of the variable is stored in the Ureg, and the variable name and 
the data size is stored in the arithmetic register X. Then, it returns to theaddress that 
follows DB DATA. 


7A05H 7A06H 7A07H 
| UH | UL [10001000 | Numeric variable 


| UH | UL | OXXXXXXX | Nonnumeric variable 


Leading address Size secured 
of variable for the variable 


e When error 
Returns to the address that data plus one is added to the "data written address" after 


storing the error code is stored in UH. 


Ш Key scan (1) 
Q ENTRY PREPARATION 
e None 
(0) ENTRY ADDRESS 
E42CH 
() EXIT STATE 
e The key code of the key that depressed at that time is stored in the accumulator. 
If there is no key depression, “OOH” will be stored in the accumulator. 
B Key scan (11) 
Q) ENTRY PREPARATION 
e None 
@ ENTRY ADDRESS 
E243H 
(з) EXIT STATE 
e The key code of newly depressed key is stored in the accumulator. Although it does 
not return until a next key is depressed, it may end in auto-power-off unless a Key is 
depressed within seven minutes. (However, the previous state resumes with 
depression of the CN] key. 
When the СОМ) key is pushed, PB7 of the PC-1500 IF register (#F00BH) will be 
set. 
NOTE: So long as PB7 of the address #FOOBH is set, “ОЕН” will be stored in the 


accumulator. 
PB7 of the address #FOOBH will be reset when "ANI ЯҒООВН, FDH” is executed. 


Ш Search of program line 
Q) ENTRY PREPARATION 
e line number is stored in the Ureg (0001 H = Ureg = FFFFEH). 
(2 ENTRY ADDRESS 
D2EAH 
ө Subroutine is called in the following format: 
SJP | D2EAH 
DB DATA 
@ EXIT STATE 
e When the specified line is found 
Returns to the address that follows DB DATA after storing the data in SEARCH 


(78A6H —78ABH ). 
| 78A6H | Leading address of the line 
78ATH. Leading address of the line І 
MES 78A8H = Line number MEM Е 
EM | 78A9H Line number 
E 78AAH i Leading address of the line plus 8 
78ABH mE Leading address of the line plus 3 


e When the specified line is not found 
Returns to the “data written address” plus one after storing the error 
code in UH. 


Carry Condition 
0 No specified line found, and search is made to the last of the program. 
1 Found the line larger than the specified line. 


5-4-5. Display 

Ш One character display 

Q) ENTRY PREPARATION 
e Display start position is stored in the cursor pointer (7875H). Cursor will be effective 

within a range of ООН to 98H. 

e Code of display character is stored in the accumulator. 

(2) ENTRY ADDRESS 
ED57H 
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© EXIT STATE 
ө No change takes place in the cursor pointer. 
e Change will be met in carry depending on the cursor called. 


Cursor Carry 
00H 95H 0 
96H~9BH 1 


e One character will be displayed on LCD. 


Ш Moving cursor after displaying one character 
®© ENTRY PREPARATION 
e Display start position is stored in the cursor pointer (7875H). Cursor will be effective 
within a range of ООН to 98H. 
e Code of display character is stored in the accumulator. 
(2) ENTRY ADDRESS 
ED4DH 
(з) Change will be met in the cursor pointer. 


| Cursor position when called Cursor position after return 
00H--95H 
96H~9BH OOH 


e One character will be displayed on LCD. 


Ш Auto-power-off 
Q) ENTRY PREPARATION 
e None 
© ENTRY ADDRESS 
ЕЗЗЕН 
(3) EXIT STATE 
e When power is turned on once after auto-power-off, no printer initialization takes 
place. 
e When power is turned on by means of the ©) key once after auto-power-off, it 
needs to push any key, except [SHIFT] , [SML], and [ œf | key, as subroutine is in 
execution. 


Note: An example of manual operation 


Example of manual operation 


Key operation Display | 
Š | mE — 
CALL & E33F CALL&E33F 
(ENTER) OFF state) 
mE m |. BUSY | 
(ох CALL 8 E33F | 
Any key except (SHIFT), [SML], and (DEF | > 
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B “п” character display 
Q) ENTRY PREPARATION 
e Display start position is stored in the cursor pointer (7875H). 
e Size of the character string is stored in the accumulator (01 H < ACC = ТАН). 
e leading address of the character string 15 stored in the  Ureg 
(0000H = (тер x FFFFH). 


@ ENTRY ADDRESS 
EDOOH 


@ EXIT STATE 
e Change will be met in carry. 


Carry Cursor position 
0 i Next to the rightmost position of the character string on display. 
1 а Indicates the last character on the display, in case display should end 
at 26th digit or exceed 26th digit. 


NOTE: When display exceeds 156 dots, the contents after this dot position will be ignored. 


@ Output of "n" characters from the top of LCD 
"n" characters will be displayed unconditionally from the left side of LCD. 
@) ENTRY PREPARATION 
e The leading address of the character string is stored in the Ureg 
(0000H = Ureg < FFFFH). 
e Size of the character string is stored in XL (01H € Xreg € I AH). 


@ ENTRY ADDRESS 
ED3BH 


@ EXIT STATE 
ө Change will be met in carry. 


Carry Contents 
0 Character string within 25 characters. 
1 Character string more than 26 characters. 


B Hexadecimal (2 byte — 1 byte) 
ASCII code of two bytes is assumed to be a hexidecimal figure and is changed into 
numeric of one byte. 


@ ENTRY PREPARATION 
e Leading address of the ASCII code is stored in the Xreg. 
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@ ENTRY ADDRESS 
ED95H 


@ EXIT STATE 
e |n Xreg is stored the value of previous Xreg added with 02H. 
e The one byte of the derived data is stored in the accumulator. 


B Graphic display 


(7) ENTRY PREPARATION 
e Output pattern is stored in the accumulator. 


@ ENTRY ADDRESS 
EDEFH 


@ EXIT STATE 
e Contents of Xreg, Ureg, and accumulator become irrelevant. 
e No change takes place in the cursor position. 


(Reference) 
LCD 

7 Бы 
1 "n 2% __ЮЭ 
се ⁄ 7 
4 = сс 
6 d 2 

1 1 

2BH 5AH 


B Program display 
@) ENTRY PREPARATION 
A. In the case of numeric 
Data is stored in the arithmetic register (7 АООН“-7А07Н). 
B. In the case of character string or program 
Data is stored in the input buffer (7BBOH~7BFFH). 
Cursor position is stored in Yreg. (In the case of program, 7BH is stored in ҮН.) 
C. Parameter F/F (7880H) is set. 


Data of 7880H | | Е Display contents - 

40H Character string is displayed according to Yreg. 

00H Character string is displayed from the top, regardless of Yreg 
contents. 

20H Numerical value of the arithmetic register X is displayed. 

10H Line number, space, and program are displayed from the top. 

14H Line number, colon, and program are displayed from the top. 

50H Line number and space are displayed in a middle of program 
according to Yreg. 

54H Line number and colon are displayed in a middle of program 
according to Yreg. 
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(3) ENTRY ADDRESS 
E8CAH 


@ EXIT STATE 
e Displayed on LCD according to direction. 


NOTES: 1. In the case of an internal code, the cursor must show the code position on the lower 
side of 2 bytes. 
2. Numeric is displayed in right justified manner and character string in left justified 
manner. 
3. Numeric has no concern with USING. 
. Only 26 characters will be handled for a character string exceeding 26 characters. 
5. ODH is required at the end of character string for the input buffer. 
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5-4-6. Printer 


@Color designation. 
@ ENTRY PREPARATION 

e The specified color code (073) is stored in the UL. 
(2 ENTRY ADDRESS 

A519H (A4F7H for the version 0.) 
(3) EXIT STATE 

e Return with the motor on. 

(Motor off routine must be called after EXIT.) 


(EX) LDI UL, color code 
SJP A519H 
SJP A769H 
RTN 


Ш Motor drive 
@ ENTRY PREPARATION 
e Set the address pointer in the Xreg to indicate the value of relative movement, then 
store the value of relative movement after that address pointer. 


Address shown by Xreg АХН: High order 8 bits of the relative movement value 
towards the X direction. 


Address shown by Xreg-4 1 AYH: High order 8 bits of the relative movement value 


| towards the Y direction. 


Address shown by Xreg+2 AXL: Low order 8 bits of the relative movement value 
towards the X direction. | 


Address shown by Xreg+2 AYL: Low order 8 bits of the relative movement value 


(2 ENTRY ADDRESS 
A8DDH (A8B7H for the version 0.) 
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@ EXIT STATE 
e The motor is on. (Motor off routine must be called after EXIT.) 


NOTE: Negative movement must be indicated by a complement. 
Relative movement must be within a range of —32768 thru 32767. 


Ш Motor off 
®© ENTRY PREPARATION 
e None 
@ ENTRY ADDRESS 
A769H (A747H for the version 0.) 
@ EXIT STATE 
e Motor off 


B Pen up/down 
© ENTRY PREPARATION 
e Either ООН or FFH is stored in the PEN UP/DOWN F/F (79E9H). 


UP NEL 
DOWN ЕЕН _ 


С) ENTRY ADDRESS 
ААЕЗН (AABDH for the version 0.) 
(з) EXIT STATE 


e Pen ascends or descends then solenoid turn inactive. 


Ш GRAPHIC mode preapration 
®© ENTRY PREPARATION 


е None 
@ ENTRY ADDRESS 
ABEFH (АВСӨН for the version 0.) 
(3) EXIT STATE 
^  Line(79EAH) —— 00H 
Rotate (79F2H) кт 


User counter (79E0H--79E3H) | 00H 


NOTES: 


1. Because G/T (79F0H) is not changed, it needs to store FFH in G/T (79F0H) after return. 
2. CSIZE does not change. 
3. Scissoring counter does not change. 


Ш TEXT mode preparation 
(б) ENTRY PREPARATION 
e None 
(2 ENTRY ADDRESS 
ACBBH (ACBFH for the version 0.) 
@ EXIT STATE 


Line (79ЕАН) | 00H 

G/T (79ҒОн) 00H 

Rotate (79F2H) | 00H 
NOTES: 


1. When the scissoring counter ҮН апа YL (79E4H~79E5H) exceeds 0200H, it makes 79E4H 
turned to 01H and 79E5H to ЕЕН. When (79E4H~79E5H) is below01FFH, it causes no change 
in 79E4H and 79E5H. 

2. CSIZE does not change. 


@ Paper feed 
@ ENTRY PREPARATION 
e Paper feed count is stored in the address represented by the Xreg. (Negative number 
Is indicated by a complement.) 
(2 ENTRY ADDRESS 
AAO4H (A9DEH for the version 0.) 
Q) EXIT STATE 
e The motor stays on. (Motor off routine must be called after EXIT.) 
NOTE: Paper feed count may change after setting the CSIZE. 


B Linefeed 
© ENTRY PREPARATION 
e [ine kind (79EAH) must be reset to 0. 
e Address area that can be destructed should be stored in Xreg. (X—10 ^ X+1 will be 
destructed.) 
(2) ENTRY ADDRESS 
A9F1H (A9CBH for the version 0.) 
@ EXIT STATE 
e The motor stays on. (Motor off routine must be called after EXIT.) 


NOTES: 
1. When the contents of Xreg is 7A22H, data in 7A18H thru 7A23H will be destructed. 
2. Paper feed count changes after CSIZE. 
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B Print 
@ ENTRY PREPARATION 
e 00H is stored in LINE TYPE (79EAH). 
e Print code storing address must be stored in the Xreg. 
(When 7A20H is stored in Xreg, it affects the data in 7A08H thru 7A37H. So, care 
must be exerted not to destruct address area of the Xreg represented address minus 
ten and plus one. 
e Print code is stored іп the address represented by the Xreg. 
@ ENTRY ADDRESS 
A781H (A75BH for the version 0.) 
@ EXIT STATE 
e Stays on. 
e The value of 6XCSIZE will be added to the contents of CURSOR (79E6H). (Motor 
off routine must be called after EXIT.) 


5-4-7. Cassette tape 


Ш REMOTE ON 
@ ENTRY PREPARATION 
e Sets the PARAMETER F/F (7879H). 


Contents of 7879H Remote CMT input port 
оххохххх | 0 Сіове 
OXX1XXXX 1 (CMT output) 
1XXOXXXX 0 Open 
DOGXXXX [ШЕ (CMT input) 


( ENTRY ADDRESS 
BF11H 
@ EXIT STATE 
e REMOTE 0 or І turns active according to the contents of the 
PARAMETER F/F (7879H). 


NOTE: This system subroutine drives the relay in the CE-150, regardless 
of the REMOTE switch position. 


Ш REMOTE OFF 
@ ENTRY PREPARATION 
e RMT/BEEP (786BH) must be set to control REMOTE I. 
(Preparation is not required in the case of REMOTE 0. 


| Contents of 786BH Remote 
| OXXXXXXX OFF 
| 1XXXXXXX ON 


(2 ENTRY ADDRESS 
BF43H 
(з) EXIT STATE 
e° REMOTE 0 is off. 
e REMOTE | will be in accordance with RMT/BEEP (786BH). 


NOTE: This system subroutine drives the relay in the CE-150, regardless of the REMOTE 
switch position. 


Ш Save of one character 
@ ENTRY PREPARATION 
e Data is stored in the accumulator. 
(2 ENTRY ADDRESS 
BDCCH 
(3) EXIT STATE 
e None. 
NOTE: This system call must be executed after saving of the synchronizing header. 


Ш Load of one character 
Q) ENTRY PREPARATION 
e None 
(2 ENTRY ADDRESS 
BDFOH 
(3) EXIT STATE 
e Data has been sent in the accumulator. 
e Change takes place in carry. 


Carry | Condition 
0 End of data read. 
1 Depression of the [BREAK] key. 


Ш Creation of header 
© ENTRY PREPARATION 


e File mode is set in the accumulator. 


File mode Contents 
00H Machine language 
01H BASIC program 
02H Ї Reserve 
04H -- Data 


Use another code to avoid confusion, as the file mode for other than PC-1500 is used. 
e File name is stored in 7B69H —7B78H of the output buffer. 

@ ENTRY ADDRESS 
BBD6H 
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@ EXIT STATE 
e Header is established in 7B60H —7B87H of the output buffer. 


Address Contents 
7B60H~7B67H Synchronizing header 
7B68H File mode 


7B69H~7B78H File name 
7B79H~7B87H All OOH 


. Header input/output 


@ ENTRY PREPARATION 
e Parameter F/F (7879H) is set. 


Contents of 7879H ЕТТЕН Remote 
OXXOXXXX 0 side 
m š Out == 
0XX1XXXX 1 side 
1XX0XXXX | 0 side 
n 
1XX1XXXX | | | tside 


e ЕМТ/ВЕЕР (786BH) is set. 


Contents of 786BH BEEP 
XXXXXXXO OFF 
XXXXXXX1 ON 


e Header is created in the case of output. 
@ ENTRY ADDRESS 

BCE8H 
(2) EXIT STATE 

e Carry changes. 


Carry Condition 
0 Broken in a middle. 
1 Input is complete. 


e In the case of input 
The read data is stored in the output buffer of 7B91H~7BAFH. 


7B91H -- 7BAOH 7ВАІН ~ ZBAFH 


3 | | 
File name | | 


| 


Data of 7B79H~7B87H at 
the time of header output. 


e |n the case of output 
Stop bit modulation signal stays on. 
NOTES: 1. BEEP will be in accordance with 786BH. 
2. Paper feed operation stays prohibited for the CE-150. 


3. In the case of input, the file name coincident of the header and file mode is 
displayed on the LCD. In case the file name is specified, it is searched until found. 


B File transfer 
(0) ENTRY PREPARATION 
1) Parameter F/F (7879H) is set. 


7879H Contents 

00XXXXXX In the case of load 
01XXXXXX In the case of verification 

2 OXXXXXXX In the case of save 


2) Leading address of input/output data is stored in the Xreg. 
3) Byte count of the data minus one is stored in the Ureg. 
@ ENTRY ADDRESS 
ВОЗСН 
(з) EXIT STATE 
e |n the case of save 
(Carry changes) 


Carry I Condition 
1 Broken in a middle. 
0 Input/output is complete. 


B Termination of CMT I/O control 
( ENTRY PREPARATION 
e Parameter F/F (7879H) is set. 


Contents of 7879H j Data input/output 
1XXXXXXX _ | I Input Е EN 
| ОХХХХХХХ | | Output 
@ ENTRY ADDRESS 
BBF5H 


(2) EXIT STATE 
e Serial port is reset. 
e PAPER FEED key of the CE-150 becomes operative. 
e Motor drive turns off. 
e In the case of load 
Change is met in carry, H, and V. 


Carry I H | v | | State 
0 Rs Load and verification are complete. 
E pi 1 = Іп break state. | i 
| 1 0 1 Error occurrence during verification. 
1 0 0 h Occurrence of check sum error. 
NOTE:The last transfer “address plus one” is stored in the Xreg. 


5-4-8. Caution for system subroutine call 


1. Printer related system call 
Although the error code is put on the display when an error such as low battery 
occurred during execution of printer related system subroutine, it is not possible to 


check the error line using the 11 key. 


141 


142 


Machine language programming examples 


*Machine language program discussed is assumed to start from the address 40C5H. 
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6-1. Binary to hexadecimal conversion 


The binary number stored in the Xreg is converted into hexadecimal equivalent and stored 


in the fixed nonnumeric variable YS. Binary number within a range of 32769 < a < 32768 


is applicable. 
ADDRESS MACHINE LANGUAGE MNEMONIC 
40C5 | 68 77 | | LDI UH 77H | 

7 | 6A EO LDI UL EOH | 
9 | 84 LDA XH 
A | BE 40 EO SJP (D 
D | 61 SIN 0 
Е | 84 LDA XH 
F | BE 40 El SJP (2 
D2 61 SINU 
3 04 | LDA XL 
4 ВЕ 40 EO SJP (1 
7 61 | SIN U 
8 04 | LDA XL 

| 9 BE 40 E1 SJP (2 

| с 61 SIN U 
D 69 00 ANI U, 00H 
F 9A RTN 
EO Fl 1 АЕХ 
1 B9 OF 2 ANI А, OFH 
3 B7 OA CPI A, OAH 
Б 83 03 ВС5 (3) 
7 ВЗ 30 ADI A, 30H 
9 9A RTN 
A B3 36 (3 ADI A, 30H 
С 9А ЕТМ 


144 


6-2. Display inversion 


The current display contents are inverted. 


40C5 
7 


9 
B 
C 
E 
F 


D1 


ADDRESS 


MACHINE LANGUAGE 
78 


68 
6A 
FD 
25 
BD 
2E 
88 
6C 
93 
9A 


4D 
62 


FF 


MNEMONIC 


LDI 
LDI 
DEC 
LDA 
EAI 
STA 
LOP 
СР! 
BCS 
RTN 


UH, 78H 
UL 4DH 
UH 
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6-3. Single display dot left shift 
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The current display contents are shifted to the left by one dot position. 


ADDRESS MACHINE LANGUAGE MNEMONIC 
40C5 | FD 88 PSH X 
7 FD 98 PSH Y 
9 FD A8 PSH U 
B A5 76 00 LDA 7600H 
E F1 AEX 
F B9 OF ANI A, OFH 
D1 0A STA XL 
2 A5 76 01 LDA 7601H 
5 Е1 АЕХ 
6 В9 ОЕ ANI A, OFH 
8 08 STA XH 
9 68 78 LDI UH, 78H 
B FD 62 (b DEC UH 
D 6A 4D LDI UL, 4DH 
F 66 @ DEC U 
EO 65 LIN U 
1 1А STA YL 
2 25 LDA U 
3 18 STA YH 
4 84 LDA XH 
5 63 SDE U 
6 04 LDA XL 
7 2E STA U 
8 FD 18 LDX Y 
A 88 00 LOP © 
c 6С 77 CPI UH, 77H 
E 93 15 BCS 4) 
FO 04 LDA XL 
1 Е1 АЕХ 
2 АЕ 77 4Е $ТА 774ЕН 
5 84 LDA XH 
6 ЕІ AEX 
7 AE 77 4F STA 774FH 
A FD 2A POP U 
C FD 1A POP Y 
E FD ОА POP X 
4100 F9 REC 
1 9A RTN 


6-4. Single display dot right shift 


The current display contents are shifted to the right by one dot position. 


ADDRESS MACHINE LANGUAGE MNEMONIC -- 
40C5 FD 88 PSH X ` 
7 FD 98 PSH Y 
9 FD A8 PSH U 
B A5 77 4С LDA 774CH 
E F1 AEX 
F B9 FO АМ! A, FOH 
D1 0A STA XL 
2 A5 77 4D | LDA 774DH 
5 F1 AEX 
6 B9 FO ANI A FOH 
8 08 STA XH 
9 68 75 LDI UH, 75H 
B 6A FF LDI UL, FFH 
D 64 INC U 
E 65 LIN U 
F 1A STA YL 
EO 25 LDA U 
1 18 STA YH 
2 84 LDA XH 
3 63 SDE U 
4 04 LDA XL 
5 61 SIN U 
6 FD 18 | LDX Y 
8 6E 4D CPI UL, 4DH 
A 91 ОЕ BCR,- OFH 
с 6C 77 CPI UH, 77H 
E 91 15 BCR, - 15H 
FO 64 INC U 
1 04 LDA XL 
2 F1 AEX 
3 61 SIN U 
4 84 LDA XH 
5 F1 AEX 
6 2E STA U 
7 FD 2A POP U 
9 FD 1A POP Y 
B FD ОА POP X 
D F9 REC 
E 9A RTN 


147 


6-5. Conversion of USING format expressed 
numerical data into character string 


@) ENTRY PREPARATION 
e Numeric data is stored in the fixed numeric variable A in decimal figure and the 
format is specified by means of the USING statement. 
(Format is within 16 characters and no error is detected during conversion.) 
© ENTRY ADDRESS 40C5H 
(3) EXIT STATE 
e Character string is stored in the fixed nonnumeric variable AS. However, A$ can be 


anything when in error. 


@ PROGRAM 
ADDRESS | MACHINE LANGUAGE MNEMONIC 
4055: | 48 79 =] кн LDI XH, 79H 
| 7 4A 00 | LDI, OOH 
| 9 58 7A | LDI YH, 7AH 
B BE F7 3F | SJP F73FH 
E B5 01 LDI A, O1H 
DO CD 96 VMJ 96H 
2 ОЕ | DEC A 
3 | 2A STA UL 
4 | 58 78 LDI YH 
6 5A CO | LDI YL 
8 F5 | TIN 
9 88 03 LOP ОЗН 
B 14 | LDA YL 
c B9 OF | ANI А, OFH 
| Е 8B 02 | BZS, +02H 
| EO 59 00 | ANI (Y), ООН 
| 2 | 9А RTN 
6-6. Power off that does not activate the printer 


With the following program, the printer will not beactivated when power is turned on after 
power was turned off, the same manner as in the case of | OFF | to | ON Ë 


| ADDRESS | MACHINE LANGUAGE MNEMONIC 
| 40С5 | АА 78 4F : | LDI S, 784FH 
8 BE CF CC SJP CFCCH 
B BE DO 2B SJP D02BH 
E B5 3E | LDI A, 3EH 
D0 1E STA Y 
1 E9 78 8A EF ANI 788АН, EFH 
5 E9 76 4E FE ANI 764EH, FEH 
9 B5 00 LDI A, OOH 
в АЕ 78 80 | STA 7880H 
E AE 78 9C STA 789CH 
E1 AE 78 9D | STA 789DH 
4 BE E8 CA SJP E8CAH 
7 48 CA LDI XH, CAH 
9 4A 92 LDI XL, 92H 
B FD 88 PSH X 
D BA E3 3F JMP ЕЗЗЕН 
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REFERENCE 
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1. Determining printing character size and 
direction 


e Specifying printing character size 


Print character size (179) must be stored in the character size memory (79ҒАН). 


e Specifying printing direction 


Print direction (073) must be stored in the print direction memory (79F2H). 


2. Restoration of array and two-character variable 


e Array variable and two-character variable that cleared by means of RUN operation or 


CLEAR command can be restored by operating the variable pointer (7899H, 789 AH). 
Number of bytes dominated by the array variable and two-character variable should be 
deducted from the last address of the free area, then store it in the variable pointer. 
How to store 

Assume now *x" is the number that the byte count of array and two-character variable 
deducted from the last address of the free area. 


а= x [256 
b= х—256Жа 
Where, 


а: High order two digits when x is displayed in hexadecimal figure. 
b: Low order two digits when x is displayed in hexadecimal figure. 
Whereas, store a in the variable pointer 7899H and b in 789AH. 


e Last address of the free area 
System configuration Address ] 
РС-1500 only - 4800H 
PC-1500 -- СЕ-151 I 5800H 
PC-1500 + CE-155 | 6000H 
PC-1500 + CE-159 | 4800H 


Number of bytes used for the array and two-character variable 
Numeric array variable: 
7 bytes + 8 bytes Ж size of array 
Nonnumeric array variable: 
7 bytes + character length ж size of array 
(Character size is normally 16 characters.) 
Numeric two-character variable: 
7 bytes + 8 bytes 
Character two-character variable: 
7 bytes + 16 bytes 


3. Knowing the use of CE-150 


Because the system program ROM of the CE-150 resides in the CE-150, FFH will be read 
when a MEO address range of A000H thru BFFFH is accessed with the CE-150 not 
connected to the PC-1500. If connected, the contents of A000H will fetch COH. 

NOTE: PV must be reset. 
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4. CMT format 


CMT FORMAT-1 


2. - INF D ее FILE DATA :1026ms OBJECT FILE 
OTHER : 260ms 
МН ШШШ ЕЕН 
SIN - X X \ 
HEADER MODE FILE NAME NULL DADRS JADRS 
1 16 (8BYTE) 2 32 (16BYTE) 18 (9 BYTE) SIZE CSUM 
MACHINE MACHINE : TRANSFER ADDRESS AFTER LOADING DATA 
L PROGRAM : | PROGRAM : | 
RESERVE RESERVE : | 0000 
DATA DATA 
MACHINE | 
PROGRAM DATA(BYTE)-1 
RESERVE | 
DATA ОООО 
OBJECT FILE 


TEXT 

MACHINE 
|| PROGRAM \ FILE END 

RESERVE 160(80BY TE) CSUM 160(80BYTE) CSUM CSUM REMAINED — CSUM AN 

DATA 
Ist DATA UNIT 
DATA CSUM 

DATA 


3rd~ 
DATA UNIT 


DATA FILE BLANK 2nd DATA UNIT 


-1026ms 
1026ms FILE END 


DATA FILE 


VARIABLE DATA 
STRING DATA 
@ Ж) 208 

@$ x) 416 

DIMENSIONING VARIABLES 
[B+1]X[C+1]> 8 
DIMENSIONING STRINGS 
[B+1]X[C+1]X[THE LENGTH OF STRING WITHIN THE АВВАҮ] 


20 ШІ 88100 | 9: 
"| 


DIM Ж, 


DIM( Ф ) 
B 


) 


A : DATA SIZE(BYTE)+3 
B: FIRST ELEMENT 
: SECOND ELEMENT 


| 


00005 


88 
B|C 
D 


: VARIABLES : 88 
STRINGS : LENGTH OF STRING 


DIMENSIONING 
VARIABLES[ACK)---] 
DIMENSIONING 

STRINGS[ASCK)--:] 
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CMT ҒОКМАТ-2 


MM 


START BIT 


DATA DATA 
1 1 — 
1 1 1 
S Ü 0 0 о | 0 0 
E 3.15ms LSB MSB 


34. 56ms 


(5) k мега ы, ам (2) 


START BIT | “1” | 027 IA “0” STOP BIT 


DATA 


1 :2.54 kHz (1300/ 512) 
0 :1.27 kHz (1300/1024) 


NOTE : When the data is transferred, LSB in each 4 bits comes the first. 


(EX.) In the case of data 4А(01001010), the transferred data is 00100101. 
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5. Circuit diagram 


Circuitry subject to change without notice. 
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